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LETTER OF TRANSMITTAL. 



Department of Labob, 
Woihingtanj D. 0., Ma/roh 20, 1893. 
Sm : I have the honor to hand yon herewith a special report relat- 
ing to the phosphate industry of the United States. 

This report has been prepared in eompliance with the following reso- 
intion of the Senate: 

In the Senate of the United States, 

Deeember 4, 1890. 

Besohoedy That the Oommissioner of Labor is hereby directed to 
examine and report tiie extent of the phosphate industry in the United 
States, the number of laborers employed, and the opportunities for the 
employment of labor in the fixture development of the phosphate 
deposits. 

The obstacles in the way of securing ftdl information have resulted 
in many delays in answering the above resolution. At the date of its 
passage the phosphate industry had not been developed to such an ex- 
tent in the state of Florida as to warrant very complete statistical 
information, while in South Carolina the industry had become settled 
and the conditions well known. The first attempts, therefore, to col- 
lect classified data relating to the industry were not particularly satis- 
&ctory. Many establishments were getting into working order, while 
others were closing up. A delay was thus unavoidable, but the delay 
resulted in fiir more complete information than could have been secured 
at an earlier date. As it is, this report practically brings the fi^u^ts 
relating to the industry down to the first day of January of the present 
year. No eflTort has been made to follow along lines of other official 
reports, yet such reports have been most carefally studied for the pur- 
pose of eorroboration and the avoidance of errors. It is true, however, 
that no other official report has taken up the industry in accordance 
with the exhaustive plans adopted by the Department under the reso- 
lution of the Senate. 
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Many of the establishments comprehended in this report have been 
visited several times for the purpose of gaining complete information. 
All the fiBMts relating to the cost of production, mining, wages, labor, 
etc., have been secured either at the works themselves or at the ofiftces 
of the companies managing them. Notwithstanding all this care, there 
are many omissions, but all such omissions are the result of the impos- 
sibility of securing fiurly accurate information. On the whole, the 
report is quite fall and comprehensive, and may be relied upon as trust- 
worthy. 

The chief material, both for the text and for the statistical part of 
this report, has been collected .by Oapt. James F. Tucker, a special 
agent of this Department. He has been assisted at times by Messrs. 
Britten, BufSington, Smith, Colquitt, Taliaferro, and Durham. The 
tabulations have been in charge of Mr. O. W. W. Hanger, chief ci the 
tabulation division of the Department, and I desire to acknowledge 
Mr. Hanger's services and those of Mr. Weaver, the chief derk of the 
Department, in the preparation of this rex>ort. 

I am, very lespectfhlly, your obedient servant, 

Oabboll D. WBiaHT, 

Oamnmsianer. 

The Pbesibbnt of the Ssnatb. 
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INTRODUCTION. 



The phospliate indnstry of the United States is located in the states 
of Forth Carolina, Sonth OaroUna, Florida, and G^rgia. Some mines 
have been opened in other parts of the CTnited States, bat they are not 
in operation to a sufficient extent to warrant their having a place in this 
report^ which covers 30 establishments in South Carolina, 1 in Korth 
Carolina, and 106 in Florida, or a total of 137 phosphate mining estab- 
lishments. 

The Engineering and Mining Journal, in its issue of October 3, 1891, 
in speaking of the phosphate industry of the United States, used the 
following language: 

There is no exaggeration in the statement that few discoveries of our 
time have attract^ more general attention than those incalculably 
vast phosphate deposits of our Southern states, promising, as they do, 
to confer upon us as a nation the preponderating influence over the 
entire fertilizer market. 

The &cts collected fi>r this report prove conclusively the truth of this 
statement, for the proportions of the growing industry are brought into 
recognized prominence. This industry is of recent establishment. 
Though the discovery of phosphate in South Carolina was made prior 
to the year 1867-^08, it was not until this date that the importance and 
value of the discovery was recognized and appreciated by sdentiflc 
and business men. Following closely upon this recognition, enter- 
prise and capital laid the foundation of the present great j^osphate 
mining industry, and within a very few years its growth was so marked 
as to exercise great influence over the mineral phosphate market of 
the world. The industry at that time was but a quarter of a century 
old. The South Carolina phosphates, ftom their superior merits, have 
continued to grow in public fiftvor, a statement which is proved by the 
steady increase in the annual demand. In 1868 the South Carolina 
mines produced 11,862 tons, while in 1891 they produced 572,949 tons. 
Mr. Hermann Yoss, an eminent English authority, read a paper before 
the chemical manure manufocturers in London on December 10, 1888, 
his subject being, Our Supply of Phosphates. Prof. Sibsan, an 
English chemist, who was present and who commented upon Mr. Yoss's 
paper, spoke as follows : 

With regard to the South Carolina phosphates, I am glad to hear the 
•apply is not likely to diminish, for it is at present the maiostay of the 

9 
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pliospliate supply, and as a raw phosphate it probably has greater 
merits, all arouBd, than any other, chiefly because we depend upon the 
amount of soluble phosphate which can be got from it. 

Immediately after this statement was made came the active develop- 
ment of the phosphate deposits of Florida, which had been discovered 
by Oapt. J. Francis Le Baron in 1881, as stated on page 39 of this 
rei)ort. Mr. 0. 0. Hoyer Miller, an English gentleman connected with 
some of the largest phosphate enterprises in the United Kingdom, in a 
pamphlet, published in London in 1891, which he wrote for the Informa- 
tion of his friends, entitled The Phosphate Fields of Florida, r^narked : 

In conclusion I may add that in the course of the last few years I have 
closely examined the following phosphate fields^ viz., the Somme, 
Femes, Breteuil (Oise), and Gamb^sis deposits of northern France, the 
Mons and Liege dex>06it8 of Belgium, the Lahn phosphate mines (both 
coprolite and rock formation) of Germany, the apatite mines of Nor- 
way and Canada, and the land and river deposits of South Oarolina. 
and there can be no doubt whatever that there are in Florida the most 
immense phosphate deposits ever discovered, although these deposits 
vary in area, in thickness, in quality, and in value to an extent unpar- 
allded elsewhere. 

What Prof. Sibsan designated the mainstay of the phosphate sup- 
ply was strongly reinforced by the discovery of the Florida phosphate 
deposits, and the already strong position of the South Oarolina estab- 
lishments was augmented, and an impetus was given the industry in 
this country which has been felt wherever it exists. 

The geographical position of the phosphate deposits of South Oaro- 
lina and Florida is most favorable to their successfal development. 
They are not only accessible to our home markets, but also to those of 
the great commercial and agricultural nations generally. The Oulf 
states and the entire Mississippi valley, as well as the South Atlantic, 
Middle, and Eastern states, and Oanada, are all accessible, both by 
sea and rail, which are facilities of the highest importance in market- 
ing the product of the phosphate mines. The South Atlantic seaboard, 
the Southwest, West, and Northwest are reached through the great 
trunk lines which bring these wide areas within commercial proximity 
to the mines themselves. Thus the markets of a continent are easily 
reached. A glance at a map shows the directness with which the 
producers of phosphate in the United States can reach aU the great 
seaboards oi other nations. Assured, therefore, of an abundant supply, 
and aided by a &vorable geographical location, the phosphate industry 
of the United States may now be regarded as occupying an exceedingly 
strong position. This position is growing stronger year by year, for with 
the advent of high grade Florida rock and its cheaper production, Oan- 
ada and Spain, which have produced some phosphate and had a place in 
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the phosphate market, have, owing to their inability to compete with the 
Sonthem states, practically dropped out of this market, and notwith- 
standing a later discovery of phosphate in France, the Phosphate Com- 
pany of France, composed of large capitalists, and having extensive 
holdings in the French mines, have within the past year made valuable 
purchases in Florida, investing probably not less than half a million 
dollars. These men are well informed, and their action is more signifi- 
cant than any prognostications as to the duration of the profitableness 
of French phosphate mining as compared with American. 

The South Carolina phosphate industry, inaugurated, as stated, in 
1867-^68, has become established, its development assured, and its pro- 
duct well known wherever commercial fertilizers are in use. The in- 
dustry in Florida, however, is not yet established, and a great many 
contradictory views exist concerning it. There has been and still is much 
glamour surrounding it. Many estimates are exceedingly optimistic, 
while some are the reverse of this. TTnwise and speculative investments 
have been made in Florida, disturbing the steady development of the 
industry; but divested of the exaggerated estimates made by over- 
sanguine men, and allowance having been made for fluctuations in 
prices and for the mistakes and omissions necessarily attendant upon 
the establishment of a new enterprise as great as this, the phosphate 
mining business, in its latest analysis, as brought out in this report, 
has shown a r^narkable progress. Even among the inexperienced the 
failures have been few, while those who brought experience and busi- 
ness methods to the development of the industry have had almost 
phenomenal success. 

The data furnished for this report prove it to be a reasonably lucra- 
tive business; with experience will come the introduction of a better 
system and more approved methods. The machinery, most of which 
was modelled after that used in the earlier days in South Carolina, is 
being more and more adapted to the mining performed under the 
altered conditions found in Florida, the laborers employed are becoming 
better disciplined and more skilful in the performance of their duties, 
while inventive genius is at work on new appliances whenever the pro- 
cesses admit or require it. 

AH these flEbcts indicate development and improvement, and must nec- 
essarily place the business upon a still safer and more profitable basis. 
As phosphate is a staple article, like bread and meat or coal and iron, 
it must find a ready and profitable market. It is one of the chief 
essentials to all vegetable and animal life, one of the first elements 
of plant food to become exhausted, and one of the most expensive 
elements to restore to the soil. No doubt can exist, therefore, that 
the phosphate industiy of the Southern states, with its miiiiniiff of 
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ca^tal and fhoosands of skilled and unskilled workmen, is firmly 
established as one of the leading industries of the United States, (a) 

The plan of treatment of this report is to take up the leading features 
of the industry as it exists in Florida and South Carolina. Many quo- 
tationSy taken firom works which are now rare, will be found, but which 
are so important that it is deemed wise to reproduce them here. Fol- 
lowing the text treatment will be found the statistical results of the 
investigation ordered by the Senate. 

In this investigation the phosphate dex>osits of Georgia and North 
Oarolina play no particular part. In the former state the only work- 
able deposit that has thus far been developed is to be found in Thomas 
county, near the Florida line, and this deposit is believed to be an off- 
shoot of the Florida deposits. The location of the deposit in Georgia 
will be found on the map showing the Florida deposits, and its char- 
acter and extent are described in connection therewith. 

The dex>osits of Korth Oarohna are found in several counties in the 
southeastern part of the state. They are generally of a conglomerate 
character, and, though brought into notice in 1884, they have been 
developed only to a limited extent. But one company is at present 
engaged in mining, and that in an experimental way. The results, 
however, are brought into the general statistics. 

In considering the phosphate industry of South Oarolina and of Flor- 
ida, much more has been said concerning the latter than the former state. 
This is the natural result of several causes: first, the area of the phos- 
phate deposits of Florida is much greater than that of South Oarolina; 
second, the number of mines in operation in Florida is 106, as shown by 
this report, while in South Oarolina but 30 mines are being operated; 
and third, the conditions surrounding the industry in Florida differ in 

aPhosphoruB ia one of the most tmiversaUy distribnted of aU the elements. It 
IB found in fiJl animal and vegetable matt^, as well as in most ernptiye and sedimen- 
tary rocks. Phosphoric acid composes over 40 per cent, of the ashes of bones, and 
in the ye^etable Kingdom it is especially abundant in the seeds of plants. Thua 
the aah or wheat contains over 49 per cent, of phosphoric acid. 

It has been estimated that for each cow kept on a pasture throus^h the summer 
there are carried off, in veal, butter, and cheese, not less than 50 pouncU of phosphate 
of lime. Consequently, it will be seen that phosphoric acid is one of the most 
important elements of plant food, and no soil can be productive which is destitute 
of it. The necessity of restoring phosphoric acid to an exhausted soil has been 
acknowledged from very ancient tunes, though the cause of its stimulating effect 
was unknown until a comparatively late date. In the days of the Romans the excre- 
ments of birds from pigeon houses and bird cages brought a high price; and Edrisi 
relates that the Arabians, as early as 1154 A. D., used the guano deposits found along 
their coast for agricultural purposes. GarcHasso de la Vega (Comentarios Reales, 
lib. v., 1604) says that the Peruvians, in the twelfth century, used the guano beds on 
their islands as fertilizers. Of such importance did they esteem the material of 
these beds that the penalty of death was imposed by the early Inoas on any one 
found killine the birds that made these precious deposits. It was not, however, 
until the early part of this century, when Liebig and others showed the important 
part played by phosphoric acid in vegetable life, that artificial manures came into 
use, and it is only in the last 20 vears that the mining of natural phosphates, 
with their conversion into sup^hosphates, has assumed its jpresent great and 
steadily increasing importance. — ^The Nature and Origin of Deposits of Phosphate of 
Lime by fi. A* F. Penrose, Jr., Bulletin No. 46, United States Geological Survey, 1888. 
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many respects from those existing in S<mi1^ Carolina. The develop- 
ment of the industry in Florida is of great int^est to those engaged in 
phosphate mining in South Oarolina^ as many of the concerns in the 
latter state are interested in such development. The phosphate indus- 
try of South Carolina, too, has probably reached its maximum propoT- 
tions, and the amount of phosphate in sight is small compared with 
that in sight in Florida. At the present rate of output, the South 
Carolina mines will be exhausted in about 28 years from 1891, while 
in Florida the conditions promise an output for a much greater length 
of time. The industry in South Carolina has been written up many 
times, and exhaustively. These reasons make it necessary to treat the 
industry in Florida more fully than the industry in South Carolina, 
and to introduce illustrations bearing upon it. 

The value of the discovery of phosphate, from an agricultural stand- 
point, can not be overestimated. 

Previous to 1841 the principal commercial fertilizer was bone dust, 
that being the only form of phosphate of lime then known. About 
the year 1833 Thomas Graham, a Scotch chemist, had made a careful 
investigation into the chemical nature of phosphoric acid and phos- 
phatic salts. The result of his investigation was the widespread use of 
bone dust as a fertilizer. It was found, however, that it was necessary 
to use as much as 1,000 to 1,200 pounds per acre to secure the best re- 
sults, owing' to the fact that the phosphate of lime in bones is so 
slightly soluble in water. 

In 1841 guano was introduced from the Chincha Islands of Pern. 
Because of the greater solubility of this fertilizer and the consequent 
better results obtained from its use the demand for it rapidly increased. 
At this time liebig, the German chemist, discovered and formulated 
the method of making soluble the phosphate of lime contained in bones 
by treating the bone dust with sulphuric acid. It was found at tiiat 
time that 1 bushel of the bone dust dissolved in one-third its weight 
of sulphuric acid was superior to 4 bushels of the bone dust not so 
treated. 

The beginning of the active development of the phosphate industry 
in South Carolina in 1867 and in Florida in 1888 was most important, 
owing to the inadequate and rapidly decreasing supply of bone and 
other manures. The relation of the development of these deposits 
to agriculture and the effect that may be expected when the de- 
posits have been more frilly worked are so intimately connected 
that the consideration of the one leads naturally to the other. Tbey 
came at a time when much of the best farming land was beginning to 
show the wasting effect of years of tilling without any adequate re- 
turn to the soil of that very important element of plant food, phos- 
phate of Itme. Comi)etition for the farmer has been increased hj a 
growing population, and by opening up the rich and virgin lands of 
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the western part of oar coantry* Not only must he meet this in the 
markets where he sells his product, but also in the hiring of labor. Im- 
{HTOTed impl^nents have increased the productive capacity of man« 
and now comes this great store of phosphate to increase the productive 
capacity of the land. More fortunate still, these deposits are located 
within easy reach of the oldest agricultursj centres, where the strong- 
est evidences of the impoverishment of the soil are discernible. In ad- 
dition to this, the magnitude of these deposits makes it possible to fur- 
nish an abundant supply at a low price. As the fertility of the soil is 
the essential basis of profitable farming, and as agriculture is one of 
the most important elements in the wealth and welfare of the nation, 
it is thought to be within the scope of this report to publish for more gen- 
eral information certain extracts and tables having an important bear- 
ing upon the subject. 

The following interesting and instructive extracts are from The Phos- 
phates of America, by Francis Wyatt, Ph. D., New York, 1892: 

Sixty years ago the science of agriculture was in its infancy. Our 
grand&thers could not understand why lands once so fertile and pro- 
ductive should show signs of approaching exhaustion. The light (mly 
came to us after we had studied how outdoor plants live, whence 
they obtain their food, of what elements that food is composed, and 
how it is conveyed and absorbed into their organisms. In point of 
fact, we have discovered that the manner of life in plants is very simi- 
lar to the manner of life in animals and man. They require certain 
foods in stated proportions which pass through the process of diges- 
tion; they must breathe a certain atmosphere; and they are subject to 
the influences oi heat and cold, light and darkness. 

The tissues of their bodies, like ours, are composed of carbon, hydro- 
gen, oxygen, nitrogen, and certain mineral acids and bases, such as 
phosphoric and sulphuric acids, lime, potash, magnesia, and iron. 
Since, therefore, it is admittedly necessary for man to constantly absorb 
a sufficiency of these elements in the form of food, it follows that simi- 
lar food is required by plants for similar purposes. Having determined 
the elementary composition of plants, investigators directed their 
attention to the analysis of soils, in order to establish comparisons 
between virgin or uncultivated lands and old varieties which had long 
been tributaries to every kind of culture. It was found that in the 
former there is an abundance of most of the dominating mineral ingre- 
dients discovered in plant organisms, whereas in the latter they either 
exist only in minute proportions or are lacking altogether. This 
marked a most important stage in our progress. Argument is no 
longer necessary to prove that if agriculture is to continue to be the 
oasis of national wealth and prosperity, means must be found of restor- 
ing to our soils the chief elements yearly taken away from them by the 
crops. These chief elements have been shown to be nitrogen, phos- 
phoric add, and potash; and that they play the most important parts 
in the frmctions of vegetation, and are the most liable to exhaustion, is 
proved by the following figures borrowed from an address delivered by 
Prof. H. W. Wiley at the Buffalo meeting of the American Association 
for the Advancement of Science. 
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According to this careful and painstaking chemist, the estimated 
mean annnal values of some of the agricultural products of the United 
States closely approach the following figures : 

MBAN ANNUAL VALXJBS Or CBETAIN AGMCTTLTTJEAL PEODUCTS IN TKB TTNITKD 

STATES. 



Pzodnofc. 



Wheat 

liaise 

Oats 

Barley 

Eye 

Buckwheat 

Potatoes 

Butter, milk, and cheese 

Fruits 

Bloe 

Yeeetables 

Tooaoco 

Cotton.. 

Wool 



IfisoellaneouB, including flax, flaxseed, hemp, grass seed, gar- 
d«n seeds, wines, nursery products, etc. 



Quantity. 



450, Oeo, 000 
1,900,000,000 

600, UOO, 000 
60,000,000 
25, 000, 000 
13, 000, 000 

200,000,000 



huahels. 
bushels, 
bushels, 
bushels, 
bushels, 
bushels, 
bushels. 



98, 000, 000 pounds 



483, 000, 000 pounds . 

6,500,000 bales ... 

300, 000, 000 pounds . 

45,000,000 tons... 



Value. 



H40, 
627, 
168, 

't 

100, 
880, 
100, 

4, 
W, 
42, 

2S0, 

45, 

860, 

408, 



000,000 
000,000 
000,000 
000,000 
000,000 
280,060 
000,000 
000,000 
000,000 
900,000 
000,000 
000,000 
000,000 
000,000 
000,000 
945,000 



MEAN PBECENTAaE OF ASH OE MINEEAL MATTEE CONTAINED IN THE HOST 

IMPOETANT OF THESE PEODUCTS. 



Product. 



Wheat 

Maize 

Oats 

Barley 

Eye 

Buckwheat 

Bice 

Potatoes... 



Per cent, of 
mineral 
matter. 



2.06 
1.65 
8.18 
2.89 
2.09 
1.37 
.39 
8.77 



Product. 



Hay 

Cotton stalks 

Straw of wheat 

Straw of rye 

Straw of barley 

Straw of oats 

Straw of buckwheat 
Stalks of maize 



Per cent. Off 
mineral 
matter. 



7.24 
8.10 
6.37 
4.79 
4.80 
4.70 
6.15 
4.87 



AfPEOXniATE QUANTITIES OF MINEEAL MATTEES TAKEN FBOM THE SOIL BY A 

SINGLE CEOP OF THE CEEEALS. 



Product. 



Wheat (grain) 

liaize (grain) 

Oats (grain) 

Barley (grain) 

Eye (grain) 

Buckwheat (grain) 



Total 



Wheat (straw) 

Maiae (stalks) 

Oatts (atiuw) 

Barley (straw) , 

Eye (straw) 

Buckwheat (straw) 



Ttg^ 

Orand total 



Weight 
(pounds). 



27,000,000,000 

106, 400, 000, 000 

19, 200. 000, 000 

2, 880, 000, 000 

1,400,000,000 

650,000,000 



45, 378, 000, 000 
212, 800, 000, 000 

32, OUO, 000, 000 
4, 800, 000, 000 
2, 333, 000, 000 
l,08;t,000,000 



Per cent, 
of ash. 



2.06 
1.55 
8.18 
2.89 
?. 09 
1.37 



6.87 
4.87 
4.70 
4.80 
4.79 
6.15 



Weight of ash 
(pounds). 



656, 200, 000 

1,049,200,000 

610, 560, 000 

88, 232, 000 

28, 260, 000 

8,905,000 



2,937,367,000 



2,436,798,000 

10,363,360,000 

1.504,000,000 

230, 400, 000 

Ul, 750, 700 

66, 604, 500 



14,712,913,800 



17, 650, 270, 800 



Since it is our intention to limit the scope of this work to phosphates, 
we may neglect all other constituents of the above amounts of ash, and 
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confine onr attention to the quantity of phosphoric acid remoyed yearly 
from the soil in the United States. 

QTTAKTITY OF PHOSPHORIC AOID BEMOYED YBABLY FBOIC THB SOIL IK THB 

UKITBD STATES. 



Prodnoi. 



Wheatt (jpmin) 
Haifle(lpraiii) 
Oata (grain).. 
Barley (grain) 
Bye(gn3n) .. 
Baokwheas (fi: 



(grain). 



Totel. 



Wheat (atrmw) 

Maice(8talk8> 

0ate(8traw) 

Barley (straw) 

Kye (straw) 

Bookwheat (straw) 



Total 

Grand total 



aah 



Weight, aa 
(pounds). 



666,200,000 

1,640,200,000 

610, 560, 000 

83, 232, 000 

29, 260, 000 

8,006,000 



2,436,798,600 

10, 363, 360, 000 

1,604,000,000 

230, 400, 000 

Ul, 760, 700 

66,604,500 



P«roent.of 

phosphoric 

aeUL 



46.98 
46.00 
».0S 
82l82 
4ff.98 
48.67 



4.81 
12.66 
4.60 
4.48 
6.46 
U.80 



Weight, phos- 
phoric acid 
(ponnds). 



961, 902,780 

742,140,000 

140,550,912 

27,816,742 

13,781,718 

4,884,068 



1,189,876,196 



117,210,012 

1,312,001,376 

70,587,600 

10,821,920 

7,210,095 

7,919,276 



1,525,208,278 



2,714,585,478 



The acreage under cultivation for the production of the above cereals 
is estimated officially as follows : 



ACREAGE XTNBEB OlJLTIVATIOir. 



Prodnet. 



Wheat. . 
Maise..... 

Oata 

Barley ....< 

Rye 

Buokwheat 

Total 



40,000,000 

76,000,000 

23,000,000 

2,600,000 

1,800,000 

900,000 



143,200,000 



The quantity of phosphoric acid per acre is^ therefore, for the whole 
cereal crop. 19 pounds. 

For the hay crop a similar estimate may be made of the quantities 
of plant food removed. The mean percentage of ash in the grasses of 
the United States is 7.97; for timothy it is 5.88; for clover it is 6.83. 
The mean content of ash may consequently be taken at 6.89 per cent. 
The total weight of hay produced, multiplied by this number, gives 
6,201,000,000 pounds as the total weight of ash in the hay crop of the 
United States. 

For the ash of timothy the percentage of phosphoric acid is 8.42; for 
red clover, 6.74. The mean percentage of phosphoric acid in the ash 
of timothy and clover is, therefore, 7.66. 

The total weight of phosphoric acid in the hay crop is, therefore, 
468,795,600 pounds. 

The number of acres harvested in the United States is about 
37,500,000, and the quantity of phosphoric add removed per acre is, 
consequently, 12} pounds. 

In the springtime phosphates are found in noteworthy quantities in 
young organs of plants, especially in the leaves, but t^e quantity 
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gradually diminishes as the plant approaches maturity, until when 
the blossoms appear the phosphates are found to have entirely qtdtted 
the leaves and accnmnlated in the seeds. This is the cause of that 
pecoiiar efifect which has long puzzled farmers, tiiiat fodder cut and 
brought in after the period of maturity prQves to be much less nourish- 
ing to the cattle than that cut before this period has arrived. 
• •••••• 

Mr. Boussingault, writing upon the same subject, says : ^^ We perceive 
a certain constant relation between the proportions of nitrogen and 
phosphoric acid contained in foods, those being richest in the latter 
element which contain most nitrogen. This would appear to indicate 
that in the vegetable organization phosphates particularly cling to the 
nitrogenous principles, and that they follow the latter into the organi- 
zation of animals.'' The absolute necessity for the presence of phos- 
phoric acid in the soil needs no farther discussion. It is admitted on all 
hands that in its absence, vegetation, even when abundantiy supplied 
with nitrogen and all other necessary elements, must come to a stand- 
still The form in which it is assimilated is that of phosphate, produced 
by the combination of the acid with various bases. Enormous deposits 
of phosphate, chiefly ofphosphateof lime, have been and doubtless will 
continue to be discovered in every quarter of the globe; and as, besides 
being so essential to plant life, it is the principal constituent of bones, 
we have here another proof that if by some extraordinary phenomenon 
its source were suddenly cut off or exhausted, all vegetable and anima] 
life would cease. So far back as the year 1G98 a celebrated Fi*ench 
engineer (Yauban), writing in the Dime Boyal, said: ^^ We have for 
a long time past been universally complaining of the falling off in the 
quantity and quality of our crops; our farms are no longer giving us 
the returns we were accustomed to; yet few persons are taking the 
pains to examine into the causes of this diminution, which will become 
more and more formidable unless proper remedies are discovered and 
applied." This wa« a warning note, but it was not until after the 
commencement of the present century that the English fiarmerB began 
to use crushed bones as a manure, and even then they did so in bUnd 
ignorance of the principles to which they owed their virtues, as is 
clearly shown by an article published by one of the scientific papers of 
that day (1830), in which the writer says: ^<We need take iuto no 
account the earthy matters or phosphate of lime contained in the 
bones, because as it is indestructible and insoluble it can not serve as 
a manure, even though it is placed in a damp soil with a combination 
of circumstances analytically stronger than any of the processes known 
to organic chemistry." A subsequent writer upon the same subject 
declares that ^< bones, after having undergone a certain process of 
natural fermentation, contain no more than 2 per cent, of gelatin, and 
as they derive their fertilizing power from this substance only^ they 
may be considered as having no value as manure." That such opinions 
as these should have prevaUed only 50 years ago seems to us all the 
more preposterous because of the gigantic strides which we have made 
since then, and because of the sin^ar fact that even the Chinese were 
better informed than our grandfothers, inasmuch as they knew that 
the fertilizer was a mineral principle, and for many centuries have used 
burnt bones as manures. Despite the unflagging researches of the best 
men of the time, it was not until the year 1^13 that the Duke of Bioh- 
mond, after an ^diaustive series of experiments upon the soil with both 
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fresh and degelatinized bones, came to the conclusion that they owed 
their value not to gelatin or fatty matters, bat to their large percentage 
of phosphoric acid. The spark thus emitted soon spread into a flame, 
and condnsive experiments shortly after published by the illostrioas 
Boussinganlt set all uncertainty at rest forever. Kumerous species of 
vegetables were planted in burnt sand, which was ascertained by 
analysis to contain no trace of phosphoric acid. It was, however, made 
rich in every other element of fertility. If o development of these plants 
took place until phosphate of lime had been added to the sand, but 
after this addition their growth became flourishing. Meanwhile large 
workable deposits of mineral phosphates were already known to exist, 
they having been almost simidtaneously discovered in their respective 
countries, by Buckland in England, Bdrthier in France, and Holmes in 
America; and in the course of a lecture delivered to the British Associ- 
ation in 1845, Prof. Henslow, describing the Suffolk coprolites, suggested 
the immense value of their application to agriculture. From tMs time 
may be dated the development of phosphate mining as an industry, tke 
pursuitof which has proved so remunerative to capital and labor. 

• •••••• 

Speaking of the advantage to be derived from the application of 
flnely powdered raw phosphates. Dr. Wyatt says: 

Nothing of any serious moment has in fact occurred to modify the 
conclusions formulated in 1857 by the well-known Frenchman, De 
Molon, who, reporting on a very extensive series of trials of ground 
raw coprolite in many different departments of France, said that: ^^ 1st. 
It might be used with advantage in clayey, schistous, granitic, and 
sandy soils rich in organic matter. 2d. If these soils were deficient in 
organic matter or had long been under cultivation, it might still be 
used in combination with animal manure. 3d. It may not M used with 
advantage in chalky or limestone soils.'' 

Here, as it strikes us, is a fairly representative case where an intelli- 
gent discrimination is demanded of the farmer, and where he must 
realize that the term soluble as applied to phosphate fertilizers is an 
entirely relative one. In one portion of his lauds he may use raw phos- 
phates, and they will prove to be soluble and produce excellent results; 
in another portion, owing to different constitution of the soil, they will 
remain insoluble and the result will be nil. 

• • • • ' • • • 

Prof. E. T. Gox, at the Washington meeting of the American Associa- 
tion for the Advancement of Science, August 20, 1891, referring to the 
use of crude phosphate as a fertilizer, says: 

But why convert the pebbles into an acid phosphate! The acid 
phosphate is reverted into phosphate of iron and alumina after it is 
applied to the land, by the presence of iron and alumina that are found 
in all arable soils. It is, in my opinion, far more economical for the 
farmer to apply to his land the phosphate of lime in the form of a fine 
powder than to apply the acid phosphate. 

In this case, the more phosphate of alumina it contains the better, 
as it will be more readily assimilated by the plants than reverted i>hoB- 
phoric acid, which results from the application of superphosphates to 
soils containing iron and alumina. 
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In coniiection with the foregoing, Pro£ Gox quoted from a letter of 
Henry Wurtz, Pk. D., to whom he had submitted his paper. Dr. Wurtz 
writes: 

What yoa say about a merely mechanical treatment^ in the prepara- 
tion for use of these phosphatic gravels^ that is, mamly by fine com- 
minution, meets the approval of my own mind, through my own reading, 
experience, and investigation in every way. The efGlcacy of phosphates 
as fertilizers is ration^y explainable by their conversion into poly- 
meric forms, soluble in the liquids which occur in the soil or arise 
from the natural excretions of the radicles of plants, or from products 
of plant decay. Such excrements, 9U0 oL, convert pnosphates into sol- 
uble polymeric or other forms. 

Mulder claimed that these solvent or transforming agents are the 
organic acids of decay, such as those called humic, uhnic, crenic, apo- 
crenic, etc. H. von liebig, some ten years since, claimed that roots 
secrete or excrete oxalic acid, which alone, or with the ammonia of the 
sou or of the air or of both, dissolves solid phosphates. 

Gladding proved that organic salts of ammonia can completely dis- 
solve or cause to pass into solution^ not only lime, but alumina and iron 
phosphates. Other chemists (as MiUot) have shown that ammonia salts 
even prevent the reversion or precipitation of dissolved phosphates in 
the soiL It is undeniable that great mechanical comminution has 
been proved by numerous experiments to be almost if not quite as efiOl- 
cient as chemical solution in the promotion of the absorption of phos- 
phates by plant.radicles. If the clayey phosphates (meaning the soft 
phosphate herein described) you describe should really pan cnit 60 per 
cent., or ef en less, of tricalcium phosphate, with or without iron and 
aluminum phosphates, its importance appears to me incalculable. The 
mass of remarkable and significant chemical fiEicts, in the literature of 
soils and fertilizers, has surprised me; apparently no master mind has 
yet reduced them to any available i^tem of soil sdeuce. 
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CHAPTER L 



THE PHOSPHATE INDUSTRY OF FLORIDA. 



CHAPTER L 

THE PHOSPHATE DIDUSTET OF ELORIDA. 

Prof. Sharpies, one of the leading Few England chemists, says, in 
the Boston Herald, concerning the Florida phosphates : 

In my opinion it is the greatest industrial discovery that has been 
made for many years, as well in the matter of its vast extent as in that 
of its high grade of richness. 

The mineral phosphate industry is still in its infancy. Interest in 
the subject was first excited by the experiments of the Duke of Bich- 
mond in 1843. He discovered that bones owed their value as a fer- 
tilizer, not to their gelatine or fatty matter, as was popularly believed^ 
but to their large percentage of phosphoric acid. 

In the meantime, workable deposits of mineral phosphate of lime 
were discovered, and the industry may be said to date from 1845, less 
than half a century ago. The literature on the subject is, therefore, 
meagre, though so far the importance of the subject has enlisted for it 
the thoughtful consideration of some of the ablest agricultural and sci- 
entific writers of our time. 

GEOLOGY OF THE PHOSPHATE FIELDS OF FLOBIDA. 

In treating this subject, so important from a scientific, commercial, 
industrial, agricultural, and economic standpoint, it has been customary 
to give at least a synopsis of the geology of the territory under con- 
sideration. 

Through the kindness of Dr. N. A. Pratt, of Jacksonville, Florida, 
we are enabled to use as a part of this report what he has written on 
the subject. 

Dr. Pratt was an associate of Prof. Francis S. Holmes of South Oaro- 
Una, and with him a pioneer in the phosphate industry of the United 
States, having been constantly engaged as a geologist, mining engin- 
eer, and chemist, either directly or indirectly, with the mining or manu- 
facture of phosphate, since he and Pro£ Holmes first discovered the 
commercial value of the South Carolina deposits in 1868. 

While studying the geological formations of South Garolina, with 
reference to her phosphate deposits, he was led to pursue the subject 
stiU farther, and took up those of Florida, having the same purpose in 
view. 
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The result of his studies and oonclusions was embodied in a pam- 
phlet entitled, The History of the Discovery of South Carolina Phos- 
phateS; 1868. In this pamphlet he lefers to the geological history of 
the fbrmation of the peninsula of Florida as follows : 

There was a time, very recent in geological ages, when the peninsula 
of Florida had no existence, but the &ulf Stream, after circling the 
western and northern shores of what is now the Gulf of Mexico, swept 
its silent and mcgestic course by a shorter and more direct route to the 
shores of the Oarolinas. At that time its warm current and the shelv- 
ing beach of adjacent shores aftbrded peculiar &cilities for the growth 
of this coral animal, which in its thousand forms flourished in its gen- 
ial waters. Unable to live at a greater depth than 40 to dO feet, its 
branching forms rapidly spread out seaward, until at 60 feet depth no 
foothold could be obtained. Its outward progress was limited by deep 
water and it could only grow upward toward the surface of the water, 
attaining which, the outer branches farthest from the shore, luxuriant 
in the clear, uncontaminated ocean water which laved their gorgeous 
sea front, flourished and rose in walls of living ree& to the very sur- 
face of the sea, inclosing in their rear a shoal or partial lagoon or salt- 
water inland river. In this swarmed thousands of species of marine 
life — ^flsh, shell, and coral, vertebrates, moUuscans, crustaceans, and 
radiates. All found in it a general nabitat, the weaker and more 
defenceless varieties attracted by the security which the living walls of 
coral afforded, the more voracious and stronger by the easy prey thus 
penned up and confined, apparently for their own benefit, while thou- 
sands of sea fowl frequented its lonely shores. Meanwhile, the storms 
and waves dashing against the exposed wall of living coral cast up 
huge monsters of tiie deep and impaled or entangled them there, and 
breaking down the long, branching coral trees, ground down to powder 
the broken fragments oi coral shell and bore and buried aU in a com- 
mon grave, or, dasMng them over the outer reefs, deposited the larger 
fragments above the water level or forced the finer portions into the quiet 
lagoon within, where, settling in the bottom, in a short time was formed 
a soft, calcareous paste, the original of our marl beds. Gradually a 
sparse soil forms on these re^, scanty vegetation takes root, soil 
accumulates, and the reefs become a series of keys or coral islands, 
separated by narrow and shallow channels or inlets connecting the 
open sea with the shoal or quiet lagoon within. While this is going 
on another reef is forming in front, and the larger rivers of the main 
bring down their burdens of Ught mud and sand and deposit them also 
in the open lagoon, simultaneously with the pure calcareous mud. Thus 
the lagoon gradually fills up with calcareous mud and sand, and ulti- 
mately the range of keys or islands is connected with the main by 
a low, swampy everglade, buried in the mass of which are the bones, 
carcasses, and exerementitious deposits ef the thousands of living forms 
that frequented the lagoon. These ultimately became coproUtes or 
guano-like deposits of birds, reptiles, and fish. These deposits, leached 
by rain and other waters, losing all the soluble ingredients, the residue 
consists essentially of the insoluble phosphates of lime, derived orig- 
inally from the bones and tissues of the animals devoured by tiie miU- 
ions of birds and predaceous animals that frequent these shores. 

By such means as these, beyond a doubt, a prominent headland, or 
low, projecting savannah, was originally formed along tiie coast, from 
which now projects the i>eninsula of Florida. By successive growths 
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of coral reefs, changes of these into keys, and of keys into mainland, 
accompanied by a gradual and slow elevation, the peninsula was elon- 
gated and will continue to elongate until adverse circumstances restrict 
and limit its extension. The accompanying map makes this plain. 




»^5,>^ 



Ko. 1 shows the original headland formed by coralline agency. 

Kos. 2 to 5 show the lines of old reefs and coral islands or keys, which 
have become successively annexed to the main through the agency of 
the sediment brought down by the great rivers, Mississippi, Apalachi- 
cola, Alabama, and others, which, taken up by the current of the Gulf 
Stream, has been conveyed and deposited in the quiet waters of the 
circumscribed lagoon within. 

Ko. 6 shows the line of existing islands or keys now being slowly 
annexed to the main. 

Ko. 7 shows the outer line of reefs now being changed into keys. 

Thus it happens that the whole peninsula is underlaid by widely 
concentric lines of coral reefs and keys, and by nearly horizontal 
layers of rotten limestone (coralline marl), sand, and soil, and the tran- 
sition can be readily traced from the outer reefs, ^o. 7, to the range of 
keys, No. 6 (which extend westward to the Dry Tortugas), and from 
these to the low, swampy everglades, thence to the high fertile ham- 
mocks and savannahs and the sandy pine lands of the main. 

In 1890, twenty-two years after the publication of the foregoing, Dr. 
Pratt was employed to examine and report upon a large phosphate 
property of about 8,000 acres, scattered along the valley of the Withla- 
coochee riv^ and lying within the counties of Marion, Oitrus, and 
Hernando, of the hard rock belt. As an interesting sequel to his Geol- 
ogy of Florida, the following extract from his official report is published 
by his permission. Speaking of the Withlacoochee basin, as he terms 
it, where he made a critical examination, he says: 

Several opinions and theories as to the origin of the formation have 
been expressed and published: 

First. That of a pure bird deposit, in localities favorable to the roost- 
ing of water fowl, more nearly covers the conditions of the prohkn M 
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presented in all localities than any other so fiEur advanced, but the evi- 
deooes are all opposed to this tiieory in the case of the Withlacoochee 
liyer deposits and can not be entertained here, for certain]y this form 
of phosphate of lime has never existed as vertebral bone^ the basis of 
bird deposit. 

Second* That the underlying lime rock contains a certain percentage 
of lune phosphate as an integral part of its comx>ositiony say 5 per 
cent., and that the lime carbonate being dissolved by carbonated soil 
waters acting on a large snrface, there was left the 5 per cent, of in- 
soloble lime phosphate; that is to say, every 100 feet or inches of the 
lime rock dissolved wonld leave 5 feet or inches of phosphate of lime 
in pnre state. This is plausible, bat its imi>ortance is overestimated. 

Third. Directly opi>osed to this, it is held by some that the top 
snrfiu^ of lime rock, constantly bathed with phosphates in solution, has 
changed its carbonic for phosphoric acid, and thus metamorphosed its 
carbonate into phosphate of lune, just as shells or coral rock are silici- 
fled, which is a common occurrence. This theory is more untenable 
than any advanced; the evidence of the material disproves it, for in 
every case in which shell impressions occur, a cavity apx>ears indicat- 
ing the space formerly occupied by the calcareous shell, which has dis- 
appeared entirely, leaving only its impression and cast in the phos- 
phate material In no case have I ever seen a true calcareous shell 
transformed into a phosphatic shell. My own impression, based on 
evidence collected here, is that the whole deposit, in all its types and 
varied forms, had its immediate origin in animal life and agency, and 
that the phosphate boulder is a true fossil or fragment thereof, the 
animal extracting lime phosphate either directly from the mineral 
world (viz., the waters ot the sea) as vegetation does, or, more likely, 
by feeding on lower vegetable organisms that abound therein, and 
secreting the same phosphate of lune or its own solid skeleton, thus 
maintaining the accepted law of nature, that no mineral matter can be 
assimilated and raised to the higher plane of animal life and structure 
without having previously pass^ through the lower plane of vegetable 
life and structore. In this case, however, the animal, if such, was of 
the lowest type and so closely allied to the lowest type of plant growth 
that naturalists have scarcely yet agreed as to their affinities. 

]^ this connection it is immaterial bow their food was obtained, as 
the result is the same. Some kinds of sponges, infusoria, and animals 
of lowest type assimilate directly from the water, or from their food, and 
secrete silica (fluid); some, carbonate of lime; and some, a homy sub- 
stance, as their supporting skeleton; and this secretion and growth 
continue until the environments change — ^the animals are exterminated 
and a massive nodule of flint, a cliff of chalk, a coral reef, or a heavy 
stratum of infusorial casts (silica) or tripoli remains as the result of 
their life work. Is it improbable that other species may have secreted 
a skeleton of lime phosphate t Most shells, either fossil or recent, con- 
sist mainly of lime carbonate secreted by the animal; some, however, 
are known to secrete and live in a shell of lime phosphate. The shell 
of lingula, of oldest Silurian age, is phosphate of lune, and today a 
lingula with phosphate shell lives and floxuishes on the Korth Carolina 
coast, a fact ^scovered only a few years ago when attempting to trace 
and discover the origin of the phosphate material of Soul^ Carolina. 

If the lynx-eyod miner, manufacturer, or merchant fails to recognize 
at sight a valuable commercial article, can the naturalist, who seldom 
is a chemist, be blamed for calling a phosphatic skeleton, a calcareous 
onet 
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It is no stretcli of the imagination to assome that some of the lowest 
tjrpes of animals, snch as zoophytes, siK)nges, inihsoria, foraminifera, 
etc., had the power and exereised it in bnilding np skeletons of bone 
phosphate of lime for the snpport of tiieir tnrgid and gelatinons bodies. 
I have before me many samples of phosphatic boulders, from the size of 
a match box to 5 and 8 feet in diameter, the most penect showing a 
complete spiral or circles of phosphatic material around a central sMk 
or axis, as symmetrical in the arrangement of its loosely separated con- 
centric laminations, as the encircling leaves of a head of lettuce, which 
it closely resembles in size and appearance, except the laminations are 
continuous in concentric if not spiral bands. I am satisfied that the 
phosphatic boulder of Florida is the fossil remains of a gigantic fora- 
minifer haying in every part of its skeleton a composition identical with 
true bone deprived of its organic matter, but not of its structure. I am 
constrained to believe that such a structure can only be attributed to 
life agency, and under no stretch of chemical or physical law can such 
be ca&ed a concretion, nor be formed and shaped by any other power 
than that of organized growth. I am led to this lengthy explanation 
in order to say that the evidences lead me to believe that aU of the 
boulders in the ledges or surface exposures, that are classed by me as 
laminated or conchoidal types, grew as zoophytes or rhizopods, possi- 
bly roonges, but more probably gigantic foraminifera in tilie spots in 
which they are now found, just as sponges now grow in favorable locaU- 
ties, and as oysters of gigantic size found in the early Tertiary age grew 
and flourish^ in banks under &vorable conditions and left l^eir shells, 
even 16 to 26 inches long, stdll attached to the bank on which they had 
thrived so well. I will not attempt to reason out the origin of each of 
the other types of Florida phosphates, classified and described below, 
further than to say that types of wedgwood and oriole soft phos- 
phates show to the unassisted eye no indication of organic or organized 
structure. The microscope may detect it. It is certain, however, that 
they have a close relation to the boulders above described, since the 
material is in, around, and under the boulders and is generally embedded 
in the sand or clay. Accepting as true that I am dealing with gigantic 
foraminifera, it is not unreasonable to suggest that this white material 
may be made up of the remains of the germ spores (spawn) or bud 
of these prolific animals, or is the comminuted d6bris of the animals 
themselves, just as soft calcareous marl is the d6bris of coral reefs that 
grow and accumulate in practically the same manner. It is probable 
tiiat the delicate, gelatinous flesh (sarcode) of these lowest types of 
animals provided abundant food for higher types, in which case the 
excrement of these marine animals (but not of birds) would consist 
largely of comminuted d6bris of the phosphatic skeletons of the food 
taken. A remarkable fact adds evidence to the strength of my theory 
as to the organic origin of the material. It is well known that most 
rock formations, clays, and sands are colored more or less reddish with 
ferric oxide and that whenever these are brought into intimate contact 
with organic matter (such as the flesh sarcode of these gelatinous 
animals must afford) undergoing decomposition, the red ferric oxide is 
reduced to a soluble form and is readily leached out of the clays and 
sands, leaving the same pure white and free from every tinge of color. 
"So doubt the same action has bleached the phosphate b^s and the 
associated sands and clays to the almost dazzling whiteness so often 
seen — ^in strong contrast to the dirty reddish color of the overlying sands, 
finally, the geological age of this deposit is no doubt the middle Eocene 
Tertiary. The underlying lime rock is true nummulitic lime, named from 
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a peculiar fossil that constitaes its chief bulk. It is well known in 
many parts of the world, is many thousand feet thick in Europe, and was 
used largely in building the pyramids of Egypt. 

I obtamed during this investigationy in the Ume rook underlying the 
sand rock in Hernando county^ a nummuHte 1 inch in diameter, the 
handsomest one I have ever seen. I have been in doubt, until recently, 
whether or not the phosphate deposits were of the same age as the lime 
rock and sandstone or of more modern formation. Of this I am now 
assured, havingfoundidenticalfossils in both thesandrock and phosphate 
rock, and believe the phosphate is of the middle Eocene epoch, Tertiary 
period. It is my impression that the sand rock, generally a gray and 
porous mass at the surfiEM^, but flinty at the centre and evidently the 
product of sponge growth, is older than the phosphate growth and 
underlies it; possibly they grew and flourished simultaneously, each in 
the localily and environment that best suited it. In any case, the lat^ 
ter outlived the former, perhaps overpowered and exterminated it; 
hence it follows that the phosphate may be reasonably looked for 
alongside the flinty type of sand rock, but will not be found among the 
underlying lime rocks except where it has subsided into a lime sink or 
like depression. I am of the opinion, also, that the whole nummulite 
bed, with its flinty sand rock and phosphate banks, is a deep water 
formation; of this, however, I am not assured. 

I find that the many hundred forms and varieties that strike the 
casual observer as dift'erent, both in quality and composition, can be 
classified and arranged in groups of a few typical forms of such striking 
general character that they may be easily recognized and their chemi- 
cal composition be predicated, approximately, in the type. 

First. The laminated type. Hard boulders or fragments thereof 
more or less distinctly compacted in layers, sometimes with interstices 
between the laminaB filled with sand or clay or else empty, sometimes 
compact and solid, but in all cases the laminse can be distinctiy 
traced in the fractured edges and are curved concentricaUy or spirally 
around a central point like the leaves of a head of lettuce, except that 
the laminae are continuous. In a small boulder the curvature is 
distinctly traced in the fractured edges; on a larger one the curvature 
may scarcely be detected, and the laminse appear as plates or slabs. 
The color is brown^ amber, gray, or white, but generally of one color 
from the same locahty; they all have a coarse, harsh, hackly fracture. 
I have seen the laminsB from one-sixteenth of an inch to 1 inch thick. 

The average composition of this type, whatever the color or where- 
ever found, is practically the same. An average of IS analyses of this 
t^pe yields, excluding sand — 



Constitaeiitt. 


Average 
BampM. 


Mruxtn 
■amplA. 


J4W*!^ «*Tl»Ollftt^ .- -TTT. 


Pereant 

7.53 

8.23 

8.31 

80.88 


Percent, 
7.46 


Combined water and oreranie matter 


2.50 


Aluminated oxide of iron 


.00 


Xiim<> phoBphfttf© ^...^ ...... 


84.96 


^iM^i '"fAlnbld.. •..•.•......•........■....,.. ......... ........................... 
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Organic matter is uniformly present and in connection with its pecul- 
iar structure indicates organic origin and structure. 
Second. The conchoidal l^pe. Hard boulder, generally smooth, 
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Bometimes polished exterior, solid and massive within. The fracture is 
smooth and conchoidal like the interior of a conch shell; Color, cream, 
white, or light gray, sometimes intricately banded with irregular or 
broken streaks of darker color. This type is of common occurrence, 
but if exposed at the surface to forest fires may become very hard, 
rough to the touch, and discolored by iron oxide or partly lose the 
smooth fracture so common in the underground boulder. It is uni- 
formly nearly free from sand and insoluble matter and contains organic 
matter and carbonate of Ume, indicating organic origin. Its average 
composition^ computed from 16 analyses, freed from sand, is — 



Constitaents. 



sample. 



Forest 
sample. 



Uzne carbonate 

Gombtiied water and organic matter , 

Alominated oxide of iron 

Silieioaeld combined 

Fhoaphate of lime 



Fw cent 
6.26 
4.10 
2.16 
1.00 
88.68 



FerenU, 
6.76 
i.10 
L28 
1.76 



Third. The wedgwood type is boulder-like, has semi-conchoidal frac- 
ture that looks fike wedgwood or semi-porcelain ware, is dry and 
rough to the touch, brittle, and rings under the hammer; breaks in aU 
directions with equal facilifrjr, is generally white and cream color, though 
sometimes stained and spotted. It is found in banks, is prominent in 
the Withlacoochee basin, and is a valuable rock. The tough, white, 
rain-pitted rock may be included with this. Its average composition, 
computed from 20 analyses, freed from sand, is — 



Gonstitaents. 



lime earbonate 

Combined water and organic matter. 

Alnmlnated oxide of iron 

Lime phosphate 

SOidoadd. 



Average 
sample. 



Ftreent 

6.48 

3.86 

2.26 

83.71 



Purest 
sample. 



Fercent. 



8.85 

8.44 

66.44 

2.10 



Fourth. The oriole type. This is a soft mass occurring in layers, 
irregular strata, or masses sometimes of several feet thickness and 
considerable area. It is perhaps the most widely disseminated and 
most abundant of all the types. Pure, it is chalk- white in color, soft 
and satin-like in feeling. It is porous and light when diy, and smooth 
and fine as pearl powder. When mixed or wetted it holds from 30 to 
40 -pet cent, of water, works under the fingers to a pasty mass, is easily 
shaped and moulded, and dries into a hard cake, friable, but of con- 
siderable tenacity. When subjected to heat in other than its natural 
or moulded state it becomes tough, resists abrasion, and loses more or 
less of its smooth feeling, does not shrink in bulk nor crack, nor is it 
restored to its former condition by soaking in water. It is almost free 
from sand tod grit, but contains alumina. It invariably occurs under 
and around the boulders and extends laterally beyond them and under^ 
lies tracts of land where no boulders are found. Sometimes it is harder 
and heavier than described, but having similar composition, both kinds 
are classed together. In its pure state it is, unfortunately, closely asso- 
ciated with intervening beds or layers or pockets of pure white sand 
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or clay, or both, which is difficult to separate, and the grade is reduced 
thereby. 



Constitiiente. 



ComUned water and organic matter 

Lime carbonate 

AlnmJnated oxide of Inm 

Lfane phoephate 

Solnbia silioa oombiBed •• 



P«r Mlt 


PertmL 


xm. 


6.00 


4.56 


2.08 


12. eo 


8.30 


78.10 


87.04 


1L7S 


.78 



Fifbli. Another type is as white as oriole, bat m ledges or boulders, 
though sometiines soft and smooth to the tonch. It is compact ana 
heavy. On exposed surfaces it appears deeply pitted, as if by rain- 
drops, but this is probably due to the growth of a spcM^ies of Uoheo. 
Along with it occurs rock of the wedgwood type, and as their com- 
IK>sitions are so nearly the same, I think it best to class it under that 
head or type and call it wedgwood, too, for the present at least. 

Sixth. The fossil type, so called from the fossil impressions contained ; 



viz., cavities like this 




from one-eigbth to sixth-eighths inch* 



This fossil, called orbitoides, accompanies the nummulite in all num- 
mulitic limestone and in this state is a characteristic fossil of a sand 
rock that overlies the prevailing lime rock, and which is not a sx>onge 
flint rock. I have not learned where the sample came from, but Imow 
it can only be found close in the lime rock below. It is of good quality, 
hard boulder, brown in color, breaks in all directions easily, exposing 
the cavities shown above. The fractured parts are very harsh and 
sandy in one piece, more smooth in another; in any case the cavities 
will identify the type. It resembles sand rock so closely that it might 
be rejected in mining. Analysis of the roughest and most unpromis- 
ing piece yields — 



Conatitaenta. 



Band and Inaoluble 

Aitimfnn. and f«rrio oxide. 

Lime carbonate 

Pboaphoric acid 

Bone pboephate of lime. . . 

T j i^in^ ..................... 



ATorage 
aample. 



PtraMit. 
8.96 
8.66 
4.40 



79.48 



Purest 
aampla. 



FtrtmU. 



80.88 

"48*78 



Seventh. The river rock type consists of either or all the above types, 
except the oriole, aU darkened even to blackness by the staining ac- 
tion of the water and mud and exclusion of atr. It is sometimes blue, 
sometimes pink, and even green at the surface. They seem more mas- 
sive and heavy than any of the other types. A sample from Blue 
Spring in the Withlacoochee river basin run above 82 per cent, phos- 
phate of lime. AU these forms or types run more or less into each other, 
yielding mixtures of more or less uniformity, dependent also on the 
quanti^ of clay and sand that may adhere to them. 
From the study of these typical forms it may be observed — 
First That their close approximate composition indicates a oommon 
origin, the lime phosphate averaging 78 to 88 per cent., apparently de- 
pending on the varying amounts of water, lime carbonate^ alumina, and 
iron oxide. 
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Second. That the iron oxide is seldom as mnch as 1 per cent, and 
sometinies entirely absent. The alumina varies from a trace only to as 
much as 12 per cent., and this from one of the finest oriole samples. 
The average of all the analyses is between 3 and 4 per cent. When 
more than this is found it is due to the solvent action of strong acids 
in the clay element, and I notice that the clays in this country are more 
soluble than other clays or kaolinites. 

Third. The lime carbonate runs from 3 to 7 per cent., except when 
found near the lime rock below, where it reaches 8 to 10 per cent., but 
this is rare. 

Fourth. Calcium fluoride in the harder varieties, in no case have I 
found more than one-fourth per cent, to 1 per cent. This is evidence 
that the material is not derived from the bones of vertebrate animals, 
which uniformly contain more. 

Fifth. Organic matter exists to a limited extent in both the laminated 
and conchoidal types. 

Sixth. Combined water is always present in excess of what the sili- 
cate of alumina would indicate, in what combination I have not had 
time to investigate. 

Seventh. The absence of magnesia and sulphuric acid is conspicu- 
ous. Chlorides are present. In general the specific gravity of all the 
types is described to be 2.25 to 3 J5. 



GBOGEAPHIOAL POSITION OF THE FLOEIDA PHOSPHATE 

BELT. 

The phosphate belt of Florida, as applied to the workable deposits 
having an economic and commercial value, commences at the head of 
the Wacissa river, in Jefferson county, about 4 mUes south and 18 
miles east of Tallahassee^ thence it extends southeast to the AucUla 
river, near a point where the three counties of Jefferson, Madison, and 
Taylor join, where deposits of considerable extent and of fine quality 
are found; thence through Taylor county, with a trace or straggling 
deposit here and there, by a southeast course to the Steinhatchee river 
in La&yette county, where large and valuable deposits have been 
located. Directly north of the Steinhatchee phosphate region, and 
chiefly on the east bank of the Suwannee river, and around the little 
village of Luraville, large bodies of high grade composite phosphate 
have been located. Thence the belt extends southeast again for a dis- 
tance of about 25 miles, with very little evidence of phosphate on the 
way, and Ichetucknee springs, in Columbia county, is reached, around 
which are some rich deposits. Leaving the springs and travelling south, 
indications are seen here and there. Passing near the town of Fort 
White and the rich deposits in its inmiediate vicinity, crossing the 
Santa Fe river, and traversing this hard rock territory for a distance 
of 24 miles, High Springs in Alachua county is reached; thence due 
south, are deposits scattered all about for 24 miles to the Albion region 
of Levy county, to the westward of the tracts just described. Strag- 
gling along a distance of about 20 miles, in the western part of Alachua 
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and Leyy conntieB, from north to soath, is the Trenton region, where 
fine composite phosphate lands, rich and easily worked, have been 
located. 

Betoming to Albion and travelling south and east through Levy 
coonty^ 15 miles to Stafford's Pond, thence on through Marion county, 
taking in on the way a number of rich mines in the Early Bird region, 
we reach the Dunnellon mines, where the discovery of hard rock phos- 
phate was originally made, where the first mine was opened, and where 
is now the largest hard rock company in the state. Crossing the With- 
lacoochee river, the belt extends a little east of south through the rich 
and favored mineral counties of Oitrus and Hernando, broadening out 
and reaching so flEu* to the east as to take in the western border of Sum- 
ter county, again veering to the west, thence on to a point 4 miles 
south of Dade Gity in Pasco county, where the southern limit of the 
hard rock belt is reached. Its total length from Ichetucknee springs 
to the point named is about 160 miles, through a broken but continuous 
chain of phosphate dei)Osits, its general trend being north-northwest 
to south-southeast with an average width of 12 to 15 miles, in several 
places widening out so as to embrace, in a fragmentary way, as much 
as 20 miles. To the east, and parallel with the hard rock belt, and 
lying almost wholly within Marion county, is what is known as the 
plate rock region, of which Anthony, 'Welshton, Belleview, and Sum- 
merfleld are the present active centres. The plate rock belt extends x\ 
from Orange Lake on the north to the southwest corner of Lake Weir 
on the south, a distance of 30 mUes or more, with an average width of 
2 to 3 miles. The thriving city of Ocala falls between the hard rock 
and plate rock belts, making it the phosphate centre for a large extent 
of country. The territory from Ichetucknee springs to Dade Oity is 
described as the phosphate belt proper, because it is more compact and 
better defined, but including the Luraville, Steinhatchee, Aucilla, and 
Wacissa rivers and deposits adjacent thereto, hard rock may be found 
for a distance of more than 200 miles, in its course traversing the coun- 
ties of Jefferson, Madison, Tayloi", Lafayette, Suwannee, Columbia, Ala- 
chua, Levy, Marion, Oitrus, Hernando, Sumter, and Pasco. In a gen- 
eral way it conforms to the configuration of the Oulf coast, but touches 
it nowhere, and only in one place approaches as near as 8 miles. The 
territory described is known as the hard rock belt, because the phos- 
phate is hard, as its name implies, and is generally high grade, and 
though subject to several subdivisions, is believed to be of a common 
oiigin. 

The subdivisions are: 1st, hard rock; 2d, plate rock; 3d, composite, 
a mixture of hard rock and fragmentary stuff, to which may be added 
the gravel screenings and soft phosphate which generally consti- 
tute a considerable part of the matrix of the hard rock boulders. 
Sometimes the gravel is found as drift, and the soft phosphate fre- 
quently isolated and detached from other forms. Again, moving south- 
ward, the abruptness of the cliange is broken by a considerable deposit 
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.6 Jsoft phosphate near Eichland, 4 miles south of the southern extrem- 

of the hard rock belt, and thence for more than 20 miles a strip of 

itwoods country, entirely destitute of any indications of phosphate, is 

rossed. South of the high ridge upon which Lakeland is situated, 

he land pebble region spreads out for 30 miles east and west, at right 

ngles with the general trend of the deposit already described, cover- 

ng a large territory, and distributing itself along the water courses 

hat permeate this section of Polk and Hillsborough counties and 

ally make theirtway into the Alafia river, which has its outlet in 

ampa bay. 

The force of the drift having been broken by the escape of the over- 
flow into the basin of the Alafia and its tributaries, again gathers itself 
gether at Lake Hancock, where it becomes more contracted, and re- 
umes its southern course, following the Peace river valley to the 
[trulf at Charlotte harbor, on its way sweeping through the counties 
' \f Polk and De Soto. The waters in their passage continually drop 
the pebble, which becomes incorporated with the land adjacent 
to the river and in places for some distance beyond, filling all 
lakes, creeks, ponds, prairies, and depressions, and covering the 
beds of the river with a stratum of from a few inches to many 
feet. Each annual flood and every freshet scouring out the head- 
waters and tributary streams, and washing away the yielding banks, 
i sets free an additional supply of the phosphate pebble. In places 
i fte volume of the drift overleaped the barriers of these small streams 
«id found its way into Manatee county and the river of that name, 
iid also the Miakka river, where the land and river pebble proper 
^)8es some of its identity by becoming more or less mixed with animal 
ijissil phosphate, which contains a considerable percentage of silica and 
fiartz. Further south, in Lee county, the Caloosahatchee river opens 
Ip another field, but disconnected from that described and of a differ- 
tit origin. Of the land pebble belt the Peace river may be said to be 
e eastern boundary, for though it crosses the river in places, nowhere 
yet has it been found far beyond. Going back again to the hard 
ck belt, and starting from a point near Ichetucknee springs, a drift 
pebble phosphate seems to have passed over the sandy plain directly 
bst along and across the headwaters of the Santa Fe and ISTew rivers, 
laving a considerable trace in Bradford county, thence through Clay 
ounty to Black river, where it found an outlet, but as it swept along 
; parted with much of the pebble with which it was loaded, which 
[)und a resting place in the valley and bed of Black river. This Black 
Lver phosphate seems to be identical with that of the Peace or Alafia 
^ ivers, except that it carries quite a percentage of silica, buc being a 

ion-absorbent this has not been found objectionable. 
In Wakulla county, on the Sopchoppy river, is found another con- 
[derable deposit, but entirely different in character and in o/igin from 
^e hard rock or land pebble belt. It is very much the samf> i^a that of 
, 20616 3 
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Oharleston, there being present large quantities of fossil bones 14^ ^. 
land and marine animals, and the soft porous limestone, in which tc^ 
of it is embedded, being saturated with the phosphoric acid, has im^ 
come transformed into a lower grade of phosphate. This deposit wal 
discovered several years before the hard rock, and at that time attracte 
much attention from scientists and others, but its limited area and i 
remoteness from transportation prevented its development. In tl 
meantime the discovery of the enormous high grade hard rock deposi 
diverted attention to the new and more attractive field. Traces 
phosphate, as stated, have been found in Bradford county, also Ham! 
ton county, the eastern part of Madison county, and farther west iij 
Leon, Gadsden, and Washington counties. But none has yet been dc 
veloped, and therefore it is impossible to determine the value or extei 
of the deposits. About t30 miles directly north of the deposit first de^ 
scribed at the head of the Wacissa and Aucilla rivers, over the sta 
line in Thomas county, Georgia, is a fugitive or outlying deposit of 
number of small pockets of hard rock, covering something like 1,000 
acres. This will be found noted on the map near the little town d 
Boston. This deposit, which is believed to have some connection witl 
the Florida deposits, is the only one thus far discovered north of the 
Florida line of sufficient value to warrant working. Including both 
the hard rock and land pebble fields of Florida, the distance from the 
northern extremity to the southern limit is about 240 miles, the distance 
from the eastern to the western extremities being about 1 25 miles. Fol 
lowing the two belts in their meanderings from Charlotte harbor to the 
head of the Wacissa river, the distance is about 326 miles, but the 
deposits are broken and detached like the reefs and oyster bars on the 
seacoast, which, no doubt, at one time they much resembled in appear 
ance, for there is ample evidence of their having been laved at one time 
by the tides of the ocean. This description, with the aid of the map 
which accompanies this report, will give a very correct idea of the gm 
graphical location of the Florida phosphate deposits. 

TOPOGRAPHY OF THE FLORIDA PHOSPHATE BELT. 

In the first year of the discovery of phosphate many theories wete 
entertained concerning its relation to the physical features of the 
country, but in the light of experience and a fuller development of the 
several phosphate fields, these views are no longer entertained, and it 
is now pretty generally acknowledged that there is no relation wbal 
ever between the two, save that of accident. It was once believed thai 
the belt followed the rivers, but the map will show that it follows its owi 
course without reference to the directions £he rivers take. Some h^ 
that phosphate could not be found on the hills, others that it could nd 
be found in the swamps, others thought they could tell it by the timb 
and said that the scrub palmetto would not grow on phosphate land, a 
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still others said that there was some incompatibility between ham- 
mock (hard wood land) and phosphate; bnt all of these theories have 
been refuted, for it has since been found under each of the conditions 
named. 

The phosphate belt commences in the foothills of the rolling coun- 
try of middle Florida, makes its way over the flatwoods and pine for- 
ests of Taylor and Lafayette counties, thence into the higher level of 
Suwannee county, and continues to High Springs in Alachua county. 
There it reaches the backbone of that country, with an elevation of 
probably 100 feet or more, over which it extends for 40 or 50 miles. It 
passes through all manner of forest growth and every character of land 
from rich hammock to the poorest sand hills, through flatwoods, swamps, 
and rolling land, with the greatest diversity of soil and timber. Turn 
either to the east or the west and one or two hours' travel discloses 
with what regularity the phosphate belt kept on its course, crossing 
rivers or paralleling them, but when the separation came, it was the 
river that changed its course, not the general trend of the phosphate 
belt. This, of course, applies to the hard rock belt proper, which is 
recognized by some of the ablest scientists as being in place. The 
plate rock, land pebble, etc., are drift or, as some describe them, 
alluvial deposit, and naturally take to the water courses, where acces- 
sible, as in Polk, Hillsborough, De Soto, and Manatee counties. In its 
course the hard rock belt embraces elevations of from 16 to 120 feet, 
and in several places reaches a higher altitude; indeed, if the belt has 
shown any preference, it is for the high ridge or backbone, with its un- 
dulating surface, which it accompanies for so much of the distance. 
The absence of water on the greater part of this ridge is another feature, 
mines having been sunk 60 feet without encountering it. In many 
cases — ^indeed, where the mine takes the water-shed — ^the water that 
flows into it sinks and disappears. In Taylor and Lafayette counties 
the liEinds are generally flat and low, and in mining, pumps or drainage 
wiU have to be resorted to, and in some of the clay lands water has 
given trouble; but as a rule, from the Suwannee river to Pasco county, 
water gives little or no trouble, and the topography of ther country 
IS rather favorable to economical mining. 

The map shows the intimate relation the phosphate belts, hard rock 
and land and river pebble, bear to river and railroad transportation to 
the seaboard. Though active prospecting has been carried on by land 
owners and others since the discovery of phosphate in Florida, the past 
year has added very few new deposits to those already located, and 
these have been almost wholly within the well defined limits of the belt. 
The map is brought down to January 1^ 1893, which enhances its value 
as reliable reference. 
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DISCOVERT OP PHOSPHATE m FLORIDA. 

The eccentricity of phosphate deposits will, in a great measure, ac- 
count for the long delay of their discovery, after the occapatioii and 
settlement of the country. 

In the ruins of the old clay chimneys, which were in the winter 
quarters of Gen. Andrew Jackson, the fragmentary phosphate con- 
tained in the day can still be seen scattered about. 

Boulders as large as flour barrels were frequently used as underpin- 
ning for houses. Smaller boulders were used in the construction of 
chimneys and sugar furnaces, and in Fort Meade it was used as a desir- 
able paving material for the sandy sidewalks. Yet phosphate is marked 
by many singularities which distinguish it from other formations; 
indeed, now that it has been discovered, all are surprised that the 
material, which was so common to those sections of the state now 
embraced in the phosphate belts, had not been recognized. While 
neither the state nor the United States government had attempted a 
geological survey, several scientists of reputation had made a prelimin- 
ary examination. The animal fossil deposits on the Sopchoppy river, 
in Wakulla county and elsewhere, had been brought to their attention, 
but the largest deposits of the hard rock and land pebble phosphates, 
though traversed by them time and again, failed to attract the skilled 
eye, even of these experts. Their failure may be attributed partly to 
the fact that all were looking for deposits similar in character to those 
found in South Carolina. Probably the best explanation of the almost 
purely accidental discovery of these rich and wonderful deposits may 
be found in Prof. N. S. Shaler's introductory remarks to Dr. Penrose's 
Nature and Origin of Deposits of Phosphate of Lime, Bulletin N"o. 46, 
United States Geological Survey, 1888. Prof. Shaler says: 

It will be evident to the reader of Dr. Penrose's report that the work- 
able deposits of phosphates are found in a greater variety of circum- 
stances than those which contain most mineral substances that have an 
economic value. •   Although local concentrations of phosphatic 
nodules,*other than those now known, may well be sought for in the 
Southern states, I do not think that the precise conditions or character 
of the deposits as found at Charleston should be expected to repeat them- 
selves elsewhere. It is characteristic of the process of concentration 
of phosphatic, as well as of other matter into nodules that the material 
takes on a great variety of aspects, each proper to a particular site, and 
this although the surrounding circumstances of the several localities 
may apparently be identical. •  • Unfortunately, the unfamiliar 
aspect of the various forms of phosphatic deposits will make this task 
under any circumstances difficult. There is no substance of equally 
wide diflPusion among those of considerable commercial importance 
which, in the present state of popular knowledgCi so readily escapes 
detection as Ume phosphate. 
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Prom the time of the discovery of the South Carolina phosphates, 
many persons in Florida had taken mnch interest in the subject, and 
in some way connected those wonderful deposits with the seacoast and 
tide water, many believing that deposits of equal value might be found 
somewhere in the broad expanse of the ocean bound peninsula of 
Florida. This interest took shape and crystaUized so far as to repeat- 
edly urge upon the legislature of the state the advisability of a geo- 
logical survey, with the purpose of ascertaining definitely what lay 
beneath the surface. The legislature never responded, and the discov- 
ery of the rich deposits in Florida, the largest in the world, was left 
to chance. 

As early as 1879 traces were found and reported from Hawthorne in 
Alachua county, a sort of sporadic deposit hanging upon the fringe of 
the now well defined belt. Analysis was made and showed 45.72 per 
cent, phosphate of lime. Some attempt in 1884 was made to work it, 
but only in a small way. Other discoveries were made in the same 
region, but none of them are now considered of much value. In 1887 
the Sopchoppy or Wakulla county deposits were discovered, but their 
remoteness from transportation was an insuperable obstacle to their 
development. In the winter of 1888-'89 Mr. Adam Eichelberger, of 
Marion county, discovered upon his orange grove on the Withlacoochee 
river a strange looking substance, which excited his curiosity, and 
which he believed to be gypsum. A little later, about May 1, 1889, 
Mr. Albertus Yogt, while having a well bored on his place, near the 
now famous Dunnellon mines, had his auger fouled, which, in his efforts 
to clear it, became disjointed. In digging down to clear the auger he 
came upon a bed of considerable thickness of what is now known as soft 
phosphate, which opened the way to the hard rock. Samples were car- 
ried to Ocala and placed in the hands of Dr. R. R. Snowden for analysis. 
The result was as much a surprise to Dr. Snowden as to any one else. 
He reported that the analysis proved the substance to be phosphate of 
lime of high grade, being over 76 per cent., and told the parties, some 
of whom were ignorant of the value of phosphate, that if the deposit 
was abundant it was better than a gold mine. The 10 acres of poor land 
upon which the well was located, within a few weeks sold for $10,000, 
and within a few months Mr. Yogt realized $60,000 as the fruits of his 
discovery. Mr. Eichelberger, who had stimulated the excitement by 
his search after gypsum, was also rewarded, for he not only discovered 
gypsum of a good quality, but in close proximity, on the same tract of 
land, rich beds of phosphate. The business men who had been taken 
into the secret by Mr. Yogt cautioned secrecy, and immediately sent 
samples to chemical laboratories in Kew York, Philadelphia, and Chi- 
cago, the analysis from each being confirmatory of Dr. Snowden's report. 

Within a few weeks thousands of acres of land lying along the With- 
lacoochee river were secured, under a small option, at a nominal price. 
Capitalists were then taken in, and what is now known as the Dun- 
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nellon Phosphate Company was organized. The mysterious but active 
manner in which so many men were moving about in a sparsely settled 
and hitherto quiet section of the country, could not escape the obser- 
vation of the curious for a great while. Gradually the facts became 
known, the contagion began to spread, the whole country was aroused, 
and men, women, and even the children became prospectors for the 
coveted phosphate which was to bring riches to the fortunate finder. 

The extent of the deposits was a mere matter of individual surmise 
and opinion, and buyers were apprehensive that the Dunnellon com- 
pany had already secured the greater part of the deposits, and that 
unless they bought early they would lose entirely the great profits that 
all agreed would accrue from so rich a discovery. This was not the idle 
talk of inexperienced men, but the conclusion of steady going business 
men from nearly all the great cities, and of eminent geologists and 
chemists. Men would rush into print and prove by figures that an 
acre of phosphate was worth millions. The most prominent newspa- 
pers of the state published estimates made in all seriousness, of 2,000,- 
000 tons to a single acre. In order to show the highly excited condi- 
tion of the public, the following clipping is given: 

To the Editor of the <: 

If you own 40 acres in phosphates, only 1 foot thick over the entire 
40 acres, it will produce 160,000 tons; if 6 feet thick, 800,000 tons; if 15 
feet thick, 2,400,000 tons. 

If an average of 80 per cent, phosphate of lime and less than 2J per 
cent, of iron and aluminum, you can get $24.45 per ton, delivered in 
London, England. It will cost you tQ mine, roast, and load on cars at 
the mines, $3 per ton; freight, insurance, etc., to London, say, $7 per 
ton; total expenses per ton, isay, $10. This will leave a net result of 
products of $14.45 per ton delivered in London. If above figures are 
correct, 40 acres of solid rock phosphate, 80 per cent, phosphate of lime 
and free from impurities, would bring the neat sum of about $33,000,000. 
Good enough. It takes time and money to bring out above results, but 
they will come. 

In the light of several years' experience in practical mining, and the 
sober, solid, and indubitable facts recorded, such statements as those 
given are almost incomprehensible, but at the time these wildly exagger- 
ated statements were given there was at least some foundation for the 
estimates made. Men had actually dug test pits through 35 feet of 
comparatively solid phosphate, and the weight of a cubic yard was 
ascertained to be something like a long ton, or 2,240 pounds. In those 
days people had not troubled themselves about establishing the out- 
lines of a deposit, which would give the superficial area, but took it for 
granted that there were acres upon acres of it. At that time for some 
reason there was doubt about the supply of phosphate, and high grades 
especially increased in price, being worth as much as 30 cents per unit, 
making 80 per cent, phosphate worth about $24 per ton. Itis recorded 
of the earlier cargoes of high grade Florida phosphate, that some of 
them actually netted the shippers over and above expenses, minuig 
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incladed, $10.80 per ton. Under these circumstances, active and in- 
dustrious prospecting soon extended to almost every county in the 
state, and to this general interest we are indebted for the early location 
of the workable deposits, and the defining of the boundaries of the 
several fields. 

The discovery of the Peace river and land pebble phosphates was 
made prior to that of the hard rock, but excited little more than local 
interest, many looking upon the operations and investments of the few 
engaged in it as more of an experiment than an assured fact, but 
the " hard rock boom," which had been heralded abroad and excited 
so much interest, gave emphasis, significance, and greater prominence 
to the river and land pebble belt. Soon prospectors and capitalists, by 
their locations and purchases, showed their appreciation of their value 
and importance. The following from Hidden Treasures, by Dr. Jay 
Shrader of Bartow, Florida, 1891, gives what is generally received as 
the true story of the discovery of the Peace river and land pebble phos- 
phates: 

In the winter of 1881, the chief engineer of a detachment of the 
engineer corps, United States army, was engaged with his party in 
making surveys for a canal from the headwaters of the St. Johns river 
to Charlotte harbor ; and it was while thus engaged, and when surveying 
Peace river, that he made the discovery of Florida's hidden treasures. 
The civil engineer was Capt. J. Francis Le Baron, then on the staff of 
Maj. Gen. Q. A, Gillmore, United States army, under whose orders he 
was acting. Capt. Le Baron, fully appreciating the scientific as well as 
commercial importance of his discovery, sent 9 barrels and boxes of 
fossils to Prof. Baird of the Smithsonian Institute. Prof. Baird was 
greatly interested in the discovery, and requested Capt. Le Baron to 
make a complete geological survey of the Peace river valley, in con- 
junction with certain paleontologists whom he (Baird) would send down 
from Washington, but the matter being referred to the commanding 
officer. Gen. Gillmore, he replied that he could not spare Capt. Le Baron 
for that purpose. Some months later Capt. Le Baron was transferred 
to Fernandiua, where, as chief engineer, he had charge of the improve- 
ments of the harbor and of the mouth of the St. Johns river; and, 
engaged in various duties of the government service, he was unable to 
visit Peace river again until 1886. At that time he reexamined the depos- 
its and dug a number of test pits. He also sent off a lot of samples and 
had them analyzed to convince certain Jacksonville and Philadelphia 
capitalists of tiie immense value of the pebble deposits; he urged them 
to buy or bond the entire Peace river valley, * * * but they could 
not see it. In vain Capt. Le Baron addressed moneyed men in New 
York, in Boston — everywhere; all alike were skeptical and would not 
invest a dollar, though one of the men appealed to (whom the writer 
happens to know) could then have got control of the whole river for 
but little more money than he has since invested in one mine. About 
this time (1886-'87) Capt. Le Baron was offered a lucrative position — 
that of chief of an engineering expedition to Central America to lay 
out the Nicaragua canal — and despairing of ever being able to interest 
capital in his discovery he accepted it and sailed for that country, from 
which he did not return until a year ago. Put it into all the school 
histories of Florida (they will probably outlive this pamphlet) that 
Capt. J. Francis Le Baron discovered Florida phosphate, A. D. 1881. 
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COMPAEATIVE MERITS OF THE HAED ROOK AND PEBBLE 

BELTS. 

The hard rock miner is content with the advantages he claims, and 
not many would consider a proposition looking to an exchange, while 
the pebble men express great surprise that the superiority which they 
claim is so poorly appreciated by the hard rock men. Hard rock comes 
in great boulders like kegs and barrels, runs high in phosphate of lime, 
and brings a much higher price, though the cost of mining can as a rule 
be safely placed at twice that of land pebble, and three times that of 
river pebble. The pebble, both river and land, comes slowly but 
surely and with great regularity, and a week's work counts up amaz- 
ingly, but it carries much less phosphate of lime and brings a lower 
price. Experience, good management, and economy enter so largely 
into the business that it is difficult to decide which is the more remu- 
nerative grade. Then, too, phosphate mining of any kind is a most 
fascinating and alluring occupation, warping insensibly the judgment 
of those engaged in it, and inclining them to that kind with which they 
have had most to do. Conservative and clear-headed business men, 
who have visited both sections with a view to investing, have found it 
most perplexing after weighing all the pros and cons. 

ESTIMATED PHOSPHATE IN SIGHT IN FLORIDA. 

The acreage of the several kinds of phosphate is given with due al- 
lowance for new discoveries and undeveloped and unknown lands; with 
the percentage of true phosphate land to area 5 with the average yield 
per acre, in tons of 2,240 pounds; and with the aggregates of the same. 
These estimates are based upon many months' close study of the several 
fields, the measurement of lands already mined, the product of which 
has been ascertained, and a comparison of notes and observations, with 
those of the best informed experts, phosphate prospectors, mining engi- 
neers, and intelligent miners actively engaged in the business. By way 
of further explanation, hard rock yields from 100 or more tons per acre 
to as much as 25,000 tons of boulder rock for a bonanza mine, to 
which we may safely add 50 per cent, for the gravel or fragmentary stuff 
found in the matrix and in the form of drift immediately around the 
mine, thus giving a possible maximum of 37,500 tons. Our estimate is 
based upon 25 per cent, of this, or 9,375 tons, as an average yield per 
acre, and we estimate the true hard rock area as 1 J per cent, of the total 
area of the belt. Soft phosphate, constituting as it does a considerable 
part of the hard rock belt, we estimate as f per cent, of the total area 
of the belt; the soft phosphate found in pockets and in the matrix of 
the hard rock mines is included, and an average yield of 5,000 tons per 
acre allowed. For the composite, consisting of pockets of hard rock 



CHAP. I. — THE PHOSPHATE INDUSTRY OF FLORIDA. 



41 



and drift of fragmentary phosphate, with the acreage not extensive, 
and the prospecting having been done with more than nsual care, 10 
per cent, of the area is allowed and a yield of 3,000 tons per acre given. 
Plate rock is more circumscribed than the other deposits, is more ac- 
cessible, and has been more thoroughly exploited, and purchases have 
been made in smaller tracts and more carefally considered. For these 
reasons 16 per cent, is allowed for the area, and the yield, which has 
been pretty well established, is given at 2,500 tons per acre. Much of 
the land pebble belt was located without regard to the deposit, but for 
the purpose of controlling the river beds through the riparian rights 
thus obtained. Consequently 1 per cent, is deducted for this and 9 
per cent, instead of 10 allowed for area, with an average yield of 2,250 
tons per acre. These estimates cover all workable phosphate deposits, 
both good and bad, and embrace both the lands careftdly selected and 
those located by entire sections for speculative purposes upon imperfect 
exploitation. The estimate given for river pebble is in gross, and in- 
cludes the Peace, Miakka, Caloosahatchee, Manatee, Alafia, Withla- 
coochee, and Black rivers and their tributaries, and is based upon the 
best information that could be obtained from a number of parties 
engaged in river mining. The soft phosphate of the land pebble belt, 
being more or less combined with land pebble, is classified with land 
pebble. 

ESTIMATE OF PHOSPHATE IN SIGHT IN FLORIDA. 



Kind of pnosphate. 



Hard rock 

Soft phosphate. 

Composite 

Plate rock 

Liaud pebble ... 



Total... 
Elver pebble 
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by land 
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J 316, 558 
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15, 330 

158, 795 



547,272 
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eto. 



31,656 

5,659 
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15,879 
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acreage. 



348,214 

62,248 

16,863 

174, 674 



601, 999 
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area to 
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{ 



1| 
I 

10 

15 
9 



Phosphate 
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aorea. 



6,093.75 
2,61L60 
6,224.80 
2,529.45 
15, 720. 66 



83,180.26 



Average 
yield per 
acre (tons 
of 2,240 
pounds). 



9,875 
5,000 
3,000 
2,500 
2,250 



Total esti- 
mated yield 
(tons of 

2,240 
pounds). 



57,128,906 
13, 058, 000 
18, 674, 400 
6, 323, 625 
35, 371, 485 



130,556,416 
2, 500, 000 



133,056,416 



A diagram showing the ratio of estimated actual deposits to the total 
area held as phosphate land is given below: 

RATIO OF ACTUAL DEPOSITS TO TOTAL AREA HELD AS PHOSPHATE LAND. 



a 

b 
e 
d 



1 




] 



The total area held as phosphate land is represented by the space 
contained within the rectangular figures — a representing the plate rock. 
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b the composite, e the land pebble, and d the hard rock belt. The black 
portions represent the estimated actual deposits of phosphate in each 
belt. 

KINDS OF PHOSPHATE, MAOHIKEBY USED, ETC. 

Hard rook. — ^The hard rock belt, which covers so large a part of the 
phosphate field, naturally takes its name from the hard rock phos- 
phate which there predominates, and which may be said to be the basis 
of at least three other kinds; viz., the gravel screenings, the plate 
rock, and the composite, with an intimate connection with still another 
kind, the soffc phosphate, one theory of which, that of Prof. Lawrence 
C. Johnson of the United States geological survey, describes the soft as 
being formerly hard, but now in process of decay and decomposition, 
while Dr. Pratt advances a theory directly the opposite, believing the 
soft to have been the producing cause of all the rest, the spawn or spore 
from which it originated. The subdivisions into which the hard rock 
belt -and its several products have been divided will be described in 
their order. 

Hard rock is found in boulders of irregular shape and size, and in 
every possible position. The boulders vary in size from that of an 
orange to a mass of immense proportions, and in weight from several 
pounds up to a ton or more — they probably average between 250 and 
1,000 pounds. In exceptional cases boulders or great masses of con- 
glomerate phosphate have run together, as it were, forming a compact 
body of more than 50 tons. In one case, at Oriole in Hernando county, 
a boulder measured 8 feet by 12 feet by 15 feet, and, being perfectly 
free from voids and adulteration, must have weighed at least 60 tons. 
These boulders are usually found in nests of two or more. Sometimes 
they are found in layers to a considerable depth; indeed, hard rock 
mines usually run deep, some having been carried as far as 50 and 60 feet 
below the surface. The greatest peculiarity of hard rock boulders is 
their irregularity. The rock is surprisingly heavy, compact, and hard, 
and when broken it makes a clean, smooth fracture. A perfect piece 
when struck wiU ring like metal. After scraping off the sediment and 
mould which forms a crust on the outside, the rock will be found as 
smooth and fine to the touch as velvet. In its composition all sand and 
foreign matter appear to have been rejected, leaving the grain fine and 
delicate. 

There are many variations of the several types of hard rock phos- 
phate. One of the most highly prized by the miner is the laminated. 
As its name signifies, the formation is in scales or layers, one upon an- 
other like the scales of a fi^, or like so many plates one upon another; 
these laminae vary from the thickness of card paper to that of 1 inch 
or more, generally averaging about one-fourth of an inch. In many 
-specimens you can detect the laminae only by the lines with which 
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they are marked, but usually there is a well defined space between the 
them. Often there are gaps between the laminsB, the interstices being 
filled with an adulterant composed of sand, iron, alumina, and other 
foreign matter, fifom which the rock must be freed as much as practi- 
cable in order to preserve the high grade of the phosphate. Owing to 
their large dimensions, nearly all the boulders require to be reduced to 
convenient size for handling by the use of a sledge hammer and steel 
punchy or in case of larger boulders with dynamite. This hammering, 
blasting, and breaking process relieves the phosphate of much of the 
foreign matter, after which it is heaped up on a crib work of cord 
wood, under sheds to protect it against rain, each shed having a capacity 
of about 200 tons, where it is allowed to stand until a week or te)i days 
betbre shipping, when it is fired. This calcining process, with the sub- 
sequent handlings, brings it up to a good average condition, and at the 
same time expels the moisture, which is necessary both to save freight 
and meet the requirements of the buyer. 

Besides the laminated there are several other forms of hard rock 
phosphate; some smooth and close knit and without the lines, and 
some with a rough and wrinkled front, but a smooth interior; other 
forms look like Tennessee marble in the rough; another form resembles 
lime rock, and boulders have been found so closely united with flint 
rock that the line of junction could hardly be detected, and a fracture 
of one would run into the other. Then there is another form, white 
and of a large grainy formation; this form is almost as hard as the 
others, though it does not appear so. Other formations resemble slate 
rock, and so on in an endless variety. In color the phosphate varies 
almost as much as in other particulars, taking on white and all shades 
of brown, gray, yellow, and cream, and sometimes is quite dark and 
even black. All these colors, save the white, appear to come from a 
stain of some sort, probably from the soil in which the phosphate is 
found, or the trees and vegetation that grow upon it, and not unlikely 
a combination of all. As a general rule, where the soil is moist, the 
phosphate has a creamy cast, and where there is much clay it shows 
brown or yellow. Iron, which often exists in the soil, gives it an iron 
rust color. JAght sandy land generally insures a bright, clean white, 
but whatever the color before taking it out of the ground, a few days' 
exposure to the sun bleaches it more or less. These many variations 
in form and color often mislead the miner, but in whatever manner the 
eye may be deceived there is generally something in the touch and 
weight by which the skilled miner knows that it is phosphate. Though 
it may differ in other respects it is nearly all hard and heavy, and when 
broken, generally smooth to the touch. The analyses of cargoes of 
thousands of tons show its high ch^acter and purity, possessing, as it 
does, the chief requisites of a high grade phosphate. 

The hard rock deposits, like the boulders in the mines, are commonly 
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found in groups, in area from a few square yards to 1, 2, and 3 acres, 
and in exceptional cases may be as much as 4 or 5 acres, but these are 
rare. As a rule they run from one>fourth to three-fourths of an acre. 
Even a frill acre in area is uncommon, though there may be, and fre- 
quently are in the aggregate, several acres of phosphate on a small 
tract of land. 

In yield phosphate, like other minerals, is irregular, owing to the 
depth of the deposit. It may be all on the surface, and give only 100 
tons to the acre, or it may prove a bonanza mine, and give, including 
the gravel, 37,500 tons per acre. Often a small superficial area runs 
the deepest and yields the most. Taking the hard rock belt of work- 
able land, 25 per cent, of the maximum, or 9,375 tons of 2,240 pounds, 
as an average, is not an unreasonable expectation. Many will easily 
double it, and the Dunnellon company has a mine of something like 
three-quarters of an acre, which has already produced 18,000 tons, not 
including the gravel. However, it should be borne in mind that, as 
a rule, the best mines are the first opened. The hard rock frequently 
crops out, showing large boulders on the surface, and covering one- 
eighth to one-fourth of an acre or more; then it will dip, inclining down- 
ward like the shell of a turtle, assuming in outline the most erratic 
figures. Thus a mine may be opened showing no overburden, but 
gradually the dip, as it widens, leads the deposit down until many 
feet of earth will have to be removed to uncover it. The lead is fol- 
lowed as long as the overburden is not too expensive to remove, being 
frequently followed 20 to 25 feet. Occasionally a mine will run per- 
pendicularly to a depth of 30 feet or more, and then lead off under- 
neath one of the walls of the mine. It may be ever so rich, but it can 
be reached only by removing that 30 feet or more of overburden, for 
level or tunnel mining is considered impracticable here, having failed 
wherever tried. Each mine is an original proposition in which the 
topography, the overburden, and the deposit itself must be considered. 
As the work advances new conditions constantly arise requiring judg- 
ment and promptness in their decision, for the operations may be at a 
standstill until a conclusion is reached. Again, in the handling of 
such bulky materials, great foresight must be exercised in order to 
conserve the economies in the matter of labor, which is an important 
item. The superintendent of a mine should be a man of good common 
sense, practical ideas, quick in reaching conclusions, and in a meas- 
ure should have the natural talent of an engineer, without the impedi- 
ments of his instruments and figures. The scientific engineering in 
surveying the land, locating the deposits, outlining, planning, etc., 
must be done in advance, for after the mine is once opened there is no 
time for delay. Hard rock mining possesses advantages over drift 
mining in this, that it can be done without machinery, and may be 
carried on by a small or a large force, or may, with great advantage, 
be supplemented by horse power, even in a small way. In larger 
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operations steam gives increased capacity with a corresponding reduc- 
tion in the cost of mining. 

The cost of hard rock mining is greater than that of drift or river 
mining, for the bonlders mast be blasted, broken up, and taken out by 
hand. At this point the steam hoist may take them, and the shattered 
fragments of the boulders may be crushed, washed, screened, and dried 
by mechanical devices, where such process is approved or is necessary 
to raise the percentage of phosphate or reduce that of the iron and alu- 
mina. In most hard rock mines only the simplest of machinery is in 
use. A steam engine and a cable hoist and trolley may be used, or sim- 
pler and probably better, an inclined tramway running down into the 
mine, using dump cars as vehicles. Hard rock mines run very irregu- 
larly, scarcely any two being alike. Everything may be promising at the 
opening, and then, when least expected, difficulties obstruct the ad- 
vance. At times great columns of lime rock or sandstone, 20 to 30 feet 
high, and weighiDg one or two hundred tons, are found in the centre of 
good mines. These have to be worked around or blasted and carried 
out by piecemeal. Again, the hard rock boulders may alternate with 
large pockets of sand or clay, reducing the percentage of output. The 
miner delights in a good outcropping to start with, not so much that it 
gives him any particular assurance of a rich mine, but because he can 
get to work at once, and instead of spending days and weeks carting 
off overburden, he at once begins to pile up salable phosphate. 

The Istachatta mine in Hernando county, recently opened, has 
proved a bonanza of this sort. With the first day's work they began 
to take out the phosphate, which was of high grade, about 80 per cent., 
and ran very regularly with but little waste. After getting out 2,000 
tons one could hardly realize that so much could come from so small a 
space, so compact had it been in the mine. 

In hard rock mining, and this applies to all kiQds of land mining, 
the first thing to do, and one of the most important, is to have the land 
to be mined thoroughly prospected and staked off, by means of which 
the outlines of the deposit are traced and the overburden measured or 
marked upon the stakes, which serve as a guide iq the work to follow. 
In this work two steel sounding rods 12 to 18 feet long are used, and a 
sectional auger of 20 or 24 feet. 

An extract from a report on a hard rock phosphate property, in Git- 
ms county, Florida, reads as follows: 

Description. — The general character of the land is high pine land, 
undulating, well timbered with pine. The soil is of a light sandy nature, 
changing into a loam a few feet below the surface and in some instances 
to day 'y a water bearing stratum is usually found at a depth of 40 to 60 
feet. 

Deposits. — On the 360 acres I have found 10 deposits, ranging in area 
from one-eighth of an acre to If acres, having a total area of 5.64 acres, 
the total overburden ranging from an outcropping to 20 feet in depth. 
A ahatt having been sunk in the largest deposit 42 feet^ 32 feet of this 
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being throagh a stratam of fine grade boulder and gravel phosphate 
rock, the matrix in several instances was found to be No. 1 (the best 
grade of soft phosphate) with about 90 per cent, of gravel. Shafts 
were put down in several other deposits, all of which passed through 
20 feet or more of phosphate deposit. The amount of rock practicafly 
in sight on the 360 acres is 45,000 or more cubic >ards; allowing 24 
cubic feet to the ton will give some over 50,000 tons of merchantable 
high grade phosphate rock, having an overburden (including the 
necessary slopes) of 10,000 cubic yards. 

The deposits are usually situated on a hillside, and in some instances 
15 feet above the level of a valley 200 feet distant, giving a decided 
advantage in removing the overburden and the rock over removing it 
from a deposit located in a valley. 

D. D. Rogers. 

Immediately following are given various tables of analyses, account 
sales, etc., of Florida hard rock phosphate: 

ANALYSES OF A NUMBER OF SAMPLES OF FLORIDA HARD ROCK PHOSPHATE. 
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Oxide of iron and alumina .... 
Carbonic acid.^. ............... 


2.81 


2.86 


3.23 


2.46 


2.64 


lifnintiirA 




.58 




 




TTnfl AtArminAil 
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ANALYSES OF SAMPLES FROM A CARGO OF HARD ROCK PHOSPHATE FROM HER. 

NANDO COUNTY. 



Constitaents. 



Moistnre in fine sample dried at 212o F . . . 
Organic matter and water of combination. 

Phosphoric acid 

Lime 

Oxide of iron 

Alumina 

Magnesia 

Oarhonio add, etc 

Insolnble siliclona matter 



EqniTalent to trlbasio phosphate of lime 

The roagh sample contained moistnre 

And accordingly tribasic phosphate of lime. 
Equivalent to carbonate of lime 



Augostns Yoelcker Sl Sona. 



"Pwcviit. 



L39 

35.11 

47.07 

.65 

1.49 

.26 

6.54 

8.49 



100. 00 



76.65 

2.04 

rS09 



"PtrtenA. 



.90 

35.39 

47.54 

.75 

L29 

6.36 

8.77 



100.00 



77.26 

1.51 

76.09 



Twceai 



.90 

35.40 

47.27 

.75 

1.71 

5.65 

8.32 



100.00 



77.28 

1.60 

76.12 



Bernard Dyer. 



Tw cent. 



L36 

35.57 

47.09 

.81 

1.97 

3.57 

1.48 

8.15 



100.00 



77.65 
2.66 

75.58 
3.36 



FtT Ctflit, 



.98 
35.79 
47.46 

7.83 

8.44 



100.00 



78.13 

1.45 

77.00 
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AKALTSBS OP SAMPLES FROM A CARGO OP HARD ROCK PHOSPHA FE PROM THE 

DUNNBLLON DISTRICT. 



ConstitaeiitB. 



Phosphoric aoid 

Lime 

Oxide of iron 

Almnina 

Iiisoln ble 

Undetermined 

Organic matter and water of combination 



Equivalent to trihasic phosphate of lime. 



A. Sihson. 


Ang. 

Voelcker 

& Sons. 


B.Dyer. 


Percent. 


Per cent. 


Per eent. 


35.80 


36.63 


36.73 


51.20 


49.08 


60.06 


.52 


.74 


.70 


L73 


1.60 


L63 


3.90 


3.39 


8.10 


5.85 


7.93 


6.46 




.63 


1.32 






100.00 


100.00 


100.00 


80.33 


79.97 


80.18 



SALE OP A CARGO OF BURNT PLORIDA HARD ROCK PHOSPHATE. 

[Copy of account rendered a Florida mining company by their selling agents in London, with values 

reducea to American money.] 



LOKDOH. 

Tons. Cwt. Qrs. Lbs. 
100 8 2 24 analysis B. P., 79.93 per cent . 
1 9 3 20 deduct moisture, 1.49 per cent 



98 18 3 4 at $0.2636 per unit per ton. 



113 4 1 21 analysis 77.50 per cent. 
2 7 3 3 moisture 2.11 per cent . 



110 16 2 18 at $0.2534 per unit per ton. 



373 10 analysis 77.97 percent. 
8 9 2 8 moisture 2.27 per cent. 



365 



1120 
16 



20 at $0.2433 per unit per ton. 

STOCKHOLM. 



12 
18 



1 
1 



16 analysis 77.05 per cent. 
moisture 1.42 per cent . 



1104 14 16 at $0.2684 per unit per ton 

Less 2| per cent, engross sales 

CHABQES. 

Tons. Cwt. Qrs. Lbs. 

Freight on 1707 15 2 5 at $4.6384 per ton $7,895.33 

Less 2| per cent, address commission 197.40 



Insurance and Htamps $337.88 

Less 10 per cent, on 65£ 2s. 6d 31.69 



Return premium quantity disoh*g London. 



306.19 
34.13 



Analysis 

Cablegrams, x»etties, etc. 
Commissions 



Net proceeds 



$2, 084. 62 



2, 177. 13 



6,925.19 



21,574.23 



7,697.03 



272.06 

50.20 

86.46 

1,638.04 



$32,761.17 
819.03 



81,942.14 



9,700.69 



22,241.45 



XTora*— Lou ia weight between mines and dellrery at port, 44 J.86 torn. 
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A circular letter giviiig list of 10 cargoes of Florida hard rock phos- 
phate, taken from account sales actually rendered to the company reads 
as follows: 

London, October 5, 1891. 

We have now the pleasure to annex a list of all the cargoes of Dunnel- 
lon hard high grade phosphate so far received, arranged in the order of 
shipment, which we commend to your careful consideration: 



Ship's 



Elstow 

Salamanca.. 
Hallamshire 
LoaiseH... 

Winston 

Hessle 

Lon^hirst . . 
Navigation. 
C. Siegheim 
Beigate 

ATerage 



Quantity 
(tons). 


Per o«nt. of 

phosphate 

ondiT 

basis. 


For cent, of 
iron and 
alnxnixia. 


1,950 


77.65 


2.78 


1,450 


79.90 


2.83 


1,472 


79.13 


2.49 


1,200 


80.21 


2.13 


1,402 


79.95 


2.30 


2,350 


79.37 


2.36 


1,714 


77.46 


1.05 


1,038 


78.16 


2.36 


1,780 


77.73 


2.10 


242 


80. le 


2.09 


15,498 


78.96 


2.29 



Per cent, of 
moisture in 
phosphate 
as de- 
livered. 



1.32 
2.53 
2.02 
1.24 
1.33 
1.39 
1.65 
1.52 
2.03 
1.28 

1.63 



Wyllib and Gordon, 

European Selling Agents. 

An analysis of hard rock and plate rock combined, an unusually fine 
sample, as made by the Pratt Laboratory, Jacksonville, Florida, is as 
follows: 

CEBTIFICATE OF ANALYSIS. 
Becord No. 1344. 

Sample from Trenton district, Alachua county, Florida, received 
October 5, 1891. 
Marked — ^Average of 2 pounds of fragments ground together: 



Constituents. 



Moistare, at 212^ F 

Sand and insoluble silicates . . 
Iron oxide } 

Alumina 3 

Carbonic acid 

Equivalent carbonate lime.. 
Phosphoric acid 

Squiyalent bone phosphate. 



Per cent. 



40.19 



.80 
2.20 



87.73 



Eespectfully submitted. 

Pratt Laboratory, 

N. A. Pratt. 
Jaoksonvtllb, Florida, October 6^ 1891. 
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Mr. George M. Wells, a phosphate expert and practical miner, who 
has had years of experience in the South Carolina mines, and who has 
been until recently the superintendent in charge of the extensive min- 
ing operations of the Dunnellon Phosphate Company, gives the 
following experience and views of Florida hard rock phosphate: 
Mr. Wells says phosphate mining requires the greatest care and atten- 
tion, and that every particle, be it boulder or gravel, should pass under 
the eye of an expert, a clear light and a keen eye being necessary to 
detect the foreign matter and imperfections; and all this care must be 
exercised in the mines at the original handling, in order to save waste 
of labor. The white sand around Dunnellon and the snowy whiteness 
of much of the phosphate there made the glare very severe upon the 
eyes. The glare soon affected the eyes of those unaccustomed to it, 
making them weak and sore. They undertook to overcome this serious 
diflftculty by the use of colored glasses, but these, while relieving the 
eyes, so confused the colors that they could not select the phosphate 
with any degree of certainty, and the use of glasses had to be aban- 
doned. In the same mine many formations are found which resemble 
phosphate so closely that the miner must be always on the lookout 
to detect the genuine article; again, there are differences of quality 
which must be considered, separating the high grades, which are taken 
by the foreign market, from the lower grades, which go to the domestic 
market; again, some rock runs so low in phosphate, or so high in iron 
and alumina, that it must go to the dump or waste pile, without any 
immediate prospect of being utilized. After this separation of grades 
comes the preparation for market, which requires great care, and must 
be well done in order to secure the degree of uniformity essential to a 
proper estimate of the phosphate. By exercising great care a number 
of cargoes have been secured which averaged about 79 per cent, phos- 
phate of lime. The foreign buyer is very exacting in this respect, and 
where proper diligence is not exercised the analyzed percentage may 
be so much reduced as to involve serious loss. After removing the 
overburden Mr. Wells thinks a net yield of 26 per cent, of the remain- 
ing mass will be a good return; the remaining 75 per cent, will be made 
up of sand-clay, sand, flint, and lime rock, and other foreign matter, 
with some low grade phosphate running too low to have any commercial 
value, the labor of separating being too expensive to warrant it. He 
says it is very difficult to estimate a mine, but in a given superficial 
area of, say, 1 acre, the phosphate running well and as deep as the min- 
ing can be done to advantage and with profit, the mine may in some 
exceptional cases yield 15,000 to 20,000 tons. As an average, taking all 
the mines in a given territory, they will run from, say, 200 tons to 8,000 
and 10,000 tons per acre. This refers to hard rock; but to some mines 
it is absolutely impossible to apply any given rule, for in some cases 
the rock is all hard and comes regularly, while in others the phosphate 
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may be more or less mixed, as already described, with base and foreigTi 
matter. Again, in another mine, the matrix and cavities may be 
actaally staffed with gravel and fragmentary phosphate, which, after 
washing, screening, and drying, will ran ap to 75 and 80 per cent, and 
find a ready market. 

As to cost of mining hard rock, Mr. Wells thinks it qoite impossible 
for any one to make a trastworthy estimate. 

He had oi>ened a mine which lay so favorably — ^the prosx)ecting having 
disclosed an abnndant deposit close to the snrface — ^that he expected to 
be able, by the free ase of dynamite, to get it oat for aboat $1.50 per 
ton, bat after starting work the presence of hard foreign matter and 
the time and care necessary to separate the good from the bad, ran the 
cost ap to aboat |3 x)er ton. 

Gravel icreenings. — ^Intermixed with the hard rock and generally con- 
stitnting more or less of the matrix, in some cases covering the walls 
of the mine like so mach stacco work and filling the banks so fall that 
it is difficalt to anderstand how they coald hold any more, and often 
overflowing the mine and forming a drift for several acres aroand it, is 
foand a fragmentary phosphate, or what is now more generally denomi- 
nated the gravel or gravel screenings, which at first was so lightly 
esteemed as to be considered of doabtfal valne and was thrown 
aside, trusting that at some fatare time there might be a demand for it. 
Even the first small shipments, in an experimental way to foreign 
markets, were not well received, and explanations had to be made 
why it had been sent in lien of the boulder prodact which they expected. 

At last, when its trne valae and importance were generally conceded, 
it came to the mining companies almost as a grataity, for it constituted 
a considerable percentage of the matrix of all hard rock mines and 
mast necessarily be taken out. 

Its proper preparation involved the purchase of a steam plant for 
washing, screening, and drying. Some few still dry it in kilns, but the 
complete machine plant, including the dryer, has the advantage of re- 
quiring but one handling, as in that case it goes directly to the storage 
room from the dryer. The process may be still further extended and 
cheapened by loading it into the cars by gravity, when taken from the 
dump; the entire process, probably, not costing more than 75 cents to 
$1 per ton. 

Of so much consequence has this branch of hard rock mining become, 
that now nearly all the mines are supplied, or are being supplied, with 
steam washer plants as necessary adjuncts to their business, and most 
of the mines are now engaged in working off their accumulated gravel 
found in the dump. After this is finished it is probable that the two 
processes — ^boulder mining by hand and the preparation of the gravel 
by machinery — will go on simultaneously, or what is regarded as 
better and in the line of a higher grade of product, the boulders will 
be passed through a crusher, thence with the gravel through the 
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washer, etc., and all delivered together in a finished state into the stor- 
age room, thus securing at the same time both uniformity in size and 
analysis. In this condition it also admits of cheaper, and more con- 
venient and expediti^ous handling at the seaboards by elevators, etc. 
Several companies are already doing this, and the advantage is so 
apparent that no doubt all will sooner or later adopt it. 

This gravel, varying in size from that of a grain of coffee to about that 
of a hickory nut, now and then running into fragmentary plate rock, is 
nothing more nor less than the abraded and fractured particles of the 
hard rock boulders, which were undoubtedly ground together by some 
natural cause as yet unexplained, or, as many believe, by some mighty 
upheaval which once disturbed this peninsula. However that may be, 
all agree that the gravel is the shattered iragments of the boulder rock. 
Like the boulder rock the gravel is generally hard, compact, smooth, and 
heavy. The base matter adhering thereto is almost entirely confined 
to the surfaces and freely yields to the washing process, through which 
it is at once raised to a level with the boulder rock in its high percent- 
age of phosphate of lime, and in some cases actually surpasses it. 

The gravel, therefore, being substantially the same, it is easy to under- 
stand how, by this improved washing and scouring process, it has in 
point of high grade taken rank with the hard rock boulder itself, 
both now being sold in market on terms of perfect equality. When the 
crusher is used and both kinds mingled together, as is now done by the 
Florida Phosphate Company, the combined product is made to give an 
average of 80 per cent, phosphate of lime. 

This general utilizing of the gravel has put a new phase upon hard 
rock mining, materially reducing the cost and greatly increasing the 
3n[eld of the mines. 

Plate rock. — As described in another place, the plate rock field is a 
belt by itself, with the same general trend as the main belt, running 
firom about north-northwest to south-southeast. 

It lies almost wholly within Marion county. In extent it is the 
smallest of all the deposits, being about 30 miles long, with an aver- 
age width of about 3 miles. The peculiar rock from which it takes its 
name is plate like, the rock resembling the broken fragments of astack of 
plates. The broken pieces are of angular form and vary from 1 to 6 
inches in breadth. In thickness they vary from one-fourth of an inch, or 
even less, to fully 1 inch. The rock is heavy and hard, and is often worn 
smooth and white like ivory. A clean, sound piece will ring when struck. 
The prevailing color is cream and yellowish when taken from the mine, 
but it bleaches rapidly. Occasionally it is found stained like some of the 
hard rock. If it is borne in mind that this is evidently a drift from the hard 
rock belt and is the shattered and broken remnants of broken down 
boulders of laminated phosphate, it will make plainer this description. 
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Acoompanying fhe larger firagments there are quantities of smaller stnfl^ 
shattered and ground into innumerable shapes and in size from that of 
a grain of rice up to that of a hickory nut. !N'ow and then a small boul- 
der may be found, the largest being about the size of a nail keg. Very 
little soft phosphate has been found in the plate rock belt. The plate 
rock proper washes and bleaches quite white and is left in a beautiful 
mechanical condition. After its breaking up it lost in the percent- 
age of phosphate of lime and gained in iron and alumina; but for this 
contamination, which comes from the exposure of so much more surface 
in its fragmentary form, it would grade much higher. By the process 
now in use, however, considerable improvement has been made. Ship- 
ments have averaged 75.63 per cent, phosphate of lime and 2.80 per 
cent, of iron and alumina. 

Plate rock offers great opportunities to mechanical appliances, and 
no doubt the improvements, which, with experience, may be reasonably 
looked for, will raise the standard still higher. The difficulty, evidently, 
lies in the adhering matter, and the scouring, washing, rinsing, and 
drying process through which it is carried operates both ways, at tbe 
same time raising the percentage of phosphate and reducing that of 
iron and alumina. A demonstration of this may be seen in the follow- 
ing analyses of unwashed and washed plate rock: 

PEBCENTAGES OF VAEIOUS CONSTITUENTS IN UNWASHED AND WASHED PLATE 

ROCK. 



GonBtitTieiits. 



Phosphoric acid , 

Bone phosphate of lime 
Iron and alumina 



Unwashed. 



Percent. 
34.20 
74.67 
4.32 



Washed and 
dried. 



Per eent. 
36.94 
80.63 
1.45 



Difference. 



Percent. 
2.74 
5.96 
2.87 



Owing to the singular formation of the rock, the mining must be 
done by hand. A cable hoist and trolley receives it when mined, and 
from the cable hoist it is dropped into a large hopper, tlience by grav- 
ity it passes into a trough 30 feet long and about 3 J by 4 feet in width 
and depth, filled with water, in which revolves a log-washer or screw 
conveyer, which agitates, pushes, and shoves the entire mass up a 
slight incline, and against a powerful current of water, by which rub- 
bing process it is thoroughly scoured and cleaned. From the log- 
washer it goes into a cylinder- washer about 16 to 24 feet long and 4 
feet in diameter. This is filled with teeth, which agitate it, and with 
angular plates, which carry it forward into another cylinder-washer 
or rinser, and thence to the drier, after which it is ready for shipment. 
This plate rock formation is both peculiar and wonderful, and simply 
as a matter of interest and curiosity is well worth a visit from those 
interested in geological research or natural wonders. 

As the overburden, which may be from 2 to 10 feet deep, is removed. 
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gradually there comes into view the rounded projections of water- 
worn limestone, dotted all about and of various sizes, and in shape 
resembling somewhat the surface of inverted cups and saucers 5 
but as the work of removing the overburden proceeds they de- 
velop into the general shape of a sugar loaf. Usually they are 
solid, but frequently they contain hollows with a clean, smooth cut 
surface like that of a bored well, and from 18 inches to 3 feet or more 
in diameter and from 8 to 25 feet deep. These well-like holes are filled 
with the phosphate and its matrix of sand or clay. One very deep 
pocket of this sort was seen near Anthony, out of which 125 tons of 
washed phosphate had been taken. Often these spires are grouped 
together and the large intervening spaces form pockets. In and about 
this erratic formation is found the phosphate drift, which, intermixed 
with the sand or clay, settled into a pretty well defined stratum, which 
must be worked by picks, spades, and shovels, and in close places with 
the hands. The sand matrix is readily washed out, but the clay is 
more obstinate, often forming into balls, from the size of a marble to 
that of an orange, in the washer or revolving cylinder. The more it is 
rolled the harder it gets, and must be picked out by hand. There ap- 
pears to be no particular affinity between the phosphate and limestone, 
and there is no commingling, the line of demarcation being distinct. 
From its accessibility and limited area, the plate rock field has been 
more carefully prospected than any other, and the lands located with 
more discrimination. For that reasoli it is believed that the plate rock 
phosphate area will reach 15 per cent, of the total phosphate area. 
The yield is about 2,500 tons per acre. Near the town of Anthony, 
in this belt, ten steam plants are now in operation. The largest of 
these, that of the Compagnie des Phosphates de France, costing $40,000, 
with an output of 75 to 100 tons per day, has just commenced work, 
and by its powerful and improved machinery has already raised the 
quality of its product to about 78 per cent, phosphate of lime, demon- 
strating the possibilities of plate rock as already foreshadowed in this 
report. It is quite safe to say that the maximum has not yet been 
reached. 

An analysis of plate rock by its subdivisions, by O. Grothe, Ph. D., 
of Ocala, Florida, follows: 

Sample 1 was of large plates, constituting one-tenth to one-fifth of 
total; sample 2 was of the next larger fragments, constituting about 
one- tenth of total; sample 3 was of the next size of fragments, con- 
stituting one-tenth to one-fifth of total; and sample 4 was the very 
fine pebbles or fragments, constituting one-half to three-fourths of 
total. 

The result shows the increase of percentage of iron and alumina and 
moisture carried with the increase of surface exposed, and a corre- 
sponding reduction in the percentage of phosphate of lime. By the use 
of improved machinery it is hoped to raise the average of phosphate of 
lime and reduce that of iron and alumina. 



54 



SPECIAL REPORT OF THE COMHISSIONER OF LABOR. 



▲UTALYSES OF FOUB SAHPLES OF PLATS BOCK. 



CcBstltaents. 



Moisture 

Phosphate of lime 

Oxide of iron and alumina 



Sample L 



Percent. 

1.00 

77.54 

2.00 



Sample 2. 



Percent 

1.05 

76.29 

4.89 



Sample 8. 



Percent. 

2.07 

74.05 

4.32 



Sample 4. 



Percent 

8.75 

70.03 

C04 



Arerace. 



Per cent 

1.V! 

74.23 

4.31 



Sample 3, by dry basis, gave 76.56 per cent, of phosphate of lime and 
4.41 per cent, of iron and alumina, while sample 4, by dry basis, gave 
73.49 per cent, of phosphate of lime and 6.27 per cent, of iron and 
alumina. 

An analysis by B. F. Gibbens of one shipment of plate rock phos- 
phate shows the following percentages of phosphate of lime and iron 
and alumina: 

ANALYSIS OF ONB SHIBMXNT OF PLATE BOCK. 



Conatitnents. 



Phosphate of lime. 
Lron and alumina.. 



Percent. 



76.63 
2.80 



Immediately following is given an estimate of the running expenses 
for one day of a plate rock mine producing 30 tons per day and using 
machinery: 

RUK^IKO EXPENSES PEB DAY OF A PLATE BOCK HIKB. 



Manager 

Mechanical engineer. 

Fireman 

Trolley tender 

Mine hosB 

Laborers 



Occupation. 



Total labor 

Six cords of wood at $2 per cord 
Oil,packlng, waste, etc 



Num- 
ber of 
men. 



1 
1 
1 
1 
1 
10 



15 



Total running expenses for one day. 



Daily 

rate of 

pay. 



$4.00 
3.00 
1.25 
1.25 
1.50 
LOO 



Total 
wages. 



$4.00 
3.00 
L2S 
L25 
L50 

10.00 



21.00 

12.00 

LOO 

34.00 



Composite phosphate. — ^The composite belt is so denominated because 
the phosphate there found is of two kinds, the hard rock boulders, as 
found in the hard rock belt proper, though in smaller quantities, and 
drift surrounding the boulders, often covering many acres, composed of 
plate rock and gravel screenings, as described elsewhere. At Luraville, 
in Suwannee county, where it was first discovered, this singularity 
was marked. South of Luraville, on the Steinhatchee river in Lafay- 
ette county, the same general features are observed, though the land 
lies Ictwer and the phosphate is somewhat adulterated with fiandstone. 
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iron, etc. In the Trenton region, in the western part of Alachna and 
Levy counties, the drift covers large areas; the boulders are not so 
pronounced as at Luraville, yet they are as large as a flour barrel, and test 
pits showed good hard rock; but what the deposits lose in the boulders 
they make up in the drift, which in one case is said to cover 70 acres, 
though this is exceptional. The Luraville and Trenton deposits are 
both of good quality. 

The percentage of area is fair, and the yield is placed at an average 
of 3,000 tons per acre. 

With boulders and drift formation in the same land, the cost of min- 
ing should not be expensive, for machinery can be and is utilized with 
great advantage and to the satisfaction of those having charge of the 
mining operations in this field. 

Analyses of samples of composite phosphate &om the Trenton region 
in Alachua county, follow: 

ANALYSES OF SAMPLES OT COMPOSITE PHOSPHATE FJEIOM TBENTON BEGION, 

ALACHUA COUKTY, FLORIDA. 



Constituents. 



Phosphoric acid 

Bone phosphate 

Oxide of iron and alumina 



Laroux 
chemicaL lab- 
oratory, 
9 samples. 



Per cent. 
35.65 
77.86 
2.20 



Shepard's 

laboratory, 

1 sample. 



B.F.Gibbens* 
laboratory, 
2 samples. 



Per cent. 



82.79 
L83 



Average. 



Percent. 



80.26 
2.04 



Per cent. 



80.30 
2.03 



Soft phosphate. — The soft phosphate is found in both clay and sandy 
land and in the form of bed-like pockets, and again as a part of the 
matrix of the several classifications of hard rock, but most frequently 
of the hard rock boulder. In consistency it closely resembles fine clay, 
is usually moist, compact, and heavy, and there being very little waste 
the yield is large. 

Like the hard rock, it is found in several colors. White, cream, yel- 
low, brown, and gray are found, but the predominating color is vhite. 
Like all other phosphates, no matter what the original color may have 
been, it all bleaches more or less to a white or light gray. To the touch 
it is soft and agreeable. The lower grades are adulterated with sand and 
clay, and are more heavily charged with iron and alumina. In weight 
it is somewhat variable, though the most of it is quite heavy, but there 
is a kind which comes out in lumps, which, both in its color and ex- 
ceeding lightness, resembles magnesia. In quality it is more fluctu- 
ating than any other kind, ranging from 40 to 80 per cent, phosphate 
of lime, but will average about ^5 per cent. It shows from 3 to 14 per 
cent, of iron and alumina, the average being about 7 per cent. 

One kind has been found that seems to be in a transition state. 
In the mine it is soft, but tenacious, and can be cut with a knife 
like soapstone. With a few days' exposure it becomes hard^ can 
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be broken into lumps, and shovelled about like coaL It is of fine qual- 
ity and can be burnt and run in with the hard rock. There is another 
variety which is chalk-like and granular, and predisposed, like some of 
the softer kinds, to disintegrate and faU apart in handling. This is 
claimed to be especially fine for use in the raw state. Experience has 
not yet demonstrated the difference in solubility and available phos- 
phoric acid, but it is generally believed that it gives better results than 
any other kind of raw phosphate, or even ground bone. 

This soft phosphate in its several varieties, which are probably more 
the result of soil stain and adulteration than anything else, and which 
in the form of pockets, down among the boulders, or as a matrix, occur 
so frequently in hard rock mines, was in the earlier days of Florida 
mining entirely rejected, tens of thousands of tons having been thrown 
aside as worthless and unmarketable. The fluctuations in quality, as 
to percentage of phosphate of lime and iron and alumina, were against 
it, and the manufacturer found it difficult to reduce it to the desirable 
mechanical condition for his trade, claiming that manipulation made it 
adhesive and paste-like. 

In the meantime the farmers, truckers, and fruit growers of the state 
were giving it a practical trial as a natural fertilizer in its raw state; | 

and the consensus of opinion is that it is a manure of surpassing vir- 
tue, and for the purpose of restoring exhausted lands and old worn out 
farms, is the cheapest and at the same time one of the best of fertil- 
izers. 

Dr. Pratt says of this soft phosphate, << It will come into general use 
as a cheaper fertilizer, to be used in greater abundance and with great 
permanent benefit to the land." 

Extended inquiries and observations, covering a number of counties, 
appear to demonstrate another fact — ^its value as a simple application 
or dressing to a growing crop. 

During the protracted drought of 1891, it was noticed that the trees 
and crops treated with soft phosphate endured the trying ordeal much 
better than others, whether manured or unmanured. The increase in 
the 3deld of cotton, in test rows manured with soft phosphate, was 
marked, and proved the phosphate to be better than animal manure and 
standard fertilizers, and the result could only be accounted for by the 
property the phosphate possesses for absorbing moisture. It is esti- 
mated that the rock phosphate will take in from 5 to 15 per cent, of 
moisture, while the soft, says Dr. Pratt, will absorb from 30 to 40 per 
cent., which explains its apparent superiority. If, as surmised, the 
phosphate attracted and continued to attract, and treasured up suf- 
ficient moisture to carry these crops safely through the drought, farther 
experiments should be instituted in order that the truth may be defi- 
nitely ascertained. 

The French farmers, who are among the most successftd and gener- 
ally prosperous of any in the world, use more than 200,000 tons of 
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groimd raw phosphate per annnm. It is also nsed in Germany and 
otber countries with advantage. Their practice should at least encour- 
age the planters and farmers of oar own country to give it a fair trial. 

The agricultural experiment stations of the several states can be of 
great service in the matter, and a series of experiments by them would 
soon establish the true value of soft phosphate. These experiments 
should test it^s value in the raw state, both alone and in combination 
with muck, barnyard and other manures, potash, etc. 

Soft phosphate has been located in considerable quantities inde- 
pendent of that referred to in the hard rock mines, but it was gen- 
erally condemned owing to ignorance of its real worth. Miners are 
just beginniug to give it the attention it deserves. The limited number 
who engaged in mining it have gradually worked up a very good home 
demand, which is steadily increasing, and judging by the results already 
brought about and the manner in which it is growing in popular favor 
at home, it is no doubt destined to occupy a much wider field. 

Soft phosphate is usually mined with picks, spades, shovels, and horse 
carts and closely resembles clay in handling, being about as heavy and 
as hard to dig. This is a simple and not very expensive process. When 
a deposit is struck, it usually runs regularly and yields enormously. 

The yield per acre, inclusive of the large quantities taken out of the 
hard rock mines, is placed at 5,000 tons, which is believed to be a rea- 
sonable estimate. 

In the land pebble field the soft phosphate is of a different character 
from that already described. The matrix is a soft, porous marl or lime 
rock impregnated with soft land pebble in considerable quantities, 
through which the entire mass has probably become phosphatized. It 
is readily worked, yields well, and has given good results wherciver 
tried. 

Analyses of various samples of the soft phosphate now being mar- 
keted, follow: 

ANALYSES OF VARIOUS SAMPLES OP SOFT PHOSPHATE. 



ConBtituenti. 



Moisture 

Combined water 

Silicic aoid 

Phosphoric acid 

liquiYaleiit to bone phosphate 

Alnm&a and iron oxide 

Magnesia 

Alkaline chloride 

Carbonic add and fluorine, and loss in analysis . . 

Magnesia, soda, etc 

Phosphoric acid soluble in ammonia citrate 

Phosphoric acid soluble in bicarbonate of soda. . 
Phosphoric aoid soluble in carbonated water . . . . 



Pratt's labor- 
atory. Sam- 
ples from 
Hernando 
county. 



Fwetnt. 

.20 

1.75 

26.90 

29.49 

64.38 

2.75 

L64 

.60 

2.49 



1.15 
1.19 
L21 



Serge Maly- 
ranlk labora- 
tory. Sam- 
ples from Ma* 
rion county. 



Per cent. 



B.P.Gib- 
bens' labora- 
tory. Sam- 
ples from 
Levy county. 



Fereemt. 



27.93 

63.16 

4.46 



49.66 
14.02 



6.55 
8.14 



Average 

of^ 

samples. 



F€r cent. 



59.061 
7.27i 
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Th€ following table showing the increase in the soft phosphate sold 
in Florida for home use, since its introdnction in 1890, may be of 
interest. This phosphate is either applied directly to the soil in its 
raw state, or comi)osted with muck, barnyard, or other manores. In 
addition to this home consumption, a quantity has been shipx>ed out of 
the state for experimental purposes. This phosphate is simply dried, 
or dried and ground, and is sold on the basis of a ton of 2,000 pounds. 



QUAHTITY AKO YALUX OF SOFT PHOSPHATE SOLD FOB C0NSX7MPTI0H IS FLOKIDA 

IN THE YEARS 1890, 1891, AND 1892. 



1890 

1891 

1802 

Total 



Quantity 

■old (tons 

of 2,000 

X>ounds). 



1,500 
5,544 
6,180 



13,224 



Aretnge 

price per 

ton. 



15.00 
5.47 
5.49 



Total 
▼alue. 



$7,500.00 
30,306.50 
33,950.00 



71,756.50 



Land pebble. — ^The land pebble phosphate is a formation distinct from 
the others. It is pebbly, as its name indicates, is of small size, and is 
somewhat lighter in weight than other forms. In color it varies from 
cream or yellow to slate, brown, or gray. When well bleached much 
of it is snow white, and of varied degrees of hardness. This pebble 
runs in size from what is called pin head up to the size of a pea or bean, 
and even larger. Often the soft pebbles have run together, forming 
conglomerate balls of various sizes and shapes, the largest measuriug 
several inches in diameter. This applies to the drift. In that of ani- 
mal origin the fossils are of all sizes, from the tiniest shell-fish or tooth 
to the remains of the sea-cow, mastodon, or elephant. Through all the 
formations here, as elsewhere, but more generally here, shai'ks' teeth 
and other fossil remains are constantly met with. After close obser- 
vation the conclusion has been reached that they are merely incidental 
to the several deposits, but not the direct cause of them, as appears 
to be the case on the Sopchoppy river in Wakulla county, and also 
on the Caloosahatchee. These fossil remains, though they must have 
been quite generally distributed over the entire peninsula, have almost 
wholly disappeared, save in these phosphate fields, and occasionally in 
the beds of rivers. Even in the limestone formation only the casts of 
shells bear witness of their former existence. This leads to the conclu- 
sion that to the natural aflQnity between the fossil bones and the phos- 
phate, and the preservative properties of the phosphoric acid, we are 
indebted for the large quantities of such remains found intermixed 
with the phosphate. But large as are the quantities of fossil remains, 
not enough have been seen in the entire state to account for a fraction 
of the phosphatic deposits discovered. 

This pebble came as drift, and after removing the overburden^ 
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which is from 2 feet to 10 feet deep, the pebble-bearing stratum is 
reached. 

The matrix is of clay, sand, and occasionally a soft kind of rock, but 
whichever it is, the pebble is found well distributed and thoroughly 
incorporated with it. In some places the deposit is richer than in 
others, but little difficulty is found in following the lead, as long as the 
pebble holds out, for the tendency of phosphate, even in drift, is to 
concentrate and run together where possible. 

The sand matrix gives way readily, but the clay is generally stiff 
and tenacious. The rock, when dried and crushed, yields up the peb- 
ble without much trouble. 

In mining the pebble, the stumps and roots of trees, lime rock, and 
other foreign substances are removed to one side, and the mass that is 
left is dug down with picks and spades, and conveyed, just as it is 
shovelled up, dirt and aU, to the plant, where it is dumped into a disin- 
tegrator and afterwards put through one or more washings. Thence 
it goes to the drier, from which it passes through a screening process 
and is finally landed in the dry bin. 

The thickness or depth of the phosphate deposit varies considerably. 
Some claim a very great depth; but for practical working, the experi- 
ence of miners places it generally at from 3 to 6 feet, sometimes a little 
more. The dirt yields all the way from 10 or 15 -per cent., to as much 
as 66 per cent, in exceptional cases where pockets have been formed. 
For paying dirts, 20 per cent, is considered as about the minimum yield, 
and 30 per cent, is a very good average. 

A number of analyses of the pebble gave an average of 67.07 per cent, 
of phosphate of lime, and 3.78 per cent, of iron and alumina. 

Some of the largest and finest plants in the state are to be found in 
the land pebble belt, and they have succeeded, under the direction of 
inteUigent and skilfril management, in increasing the percentage of 
phosphate of lime, and reducing that of iron and alumina. 

A novel system of mining was adopted at Phosphoria by a large 
English company. Phosphoria is in the high pine woods, 140 feet 
above the level of the Gulf. This company built a fleet of barges which 
were 60 feet in length, about 20 feet beam, and 5 feet depth of hull. 
One of these barges was supplied with a powerful steam shovel of the 
size and pattern used in harbor improvements. This was set to work, 
and in a little while the springy waters, with which the land was 
charged, began to pour in, and within a short time there was room 
and water enough to launch and float the barge. The work was then 
continued until the, canal was sufficiently long to accommodate the 
fleet, with the prospect of quite a navigable stream in a year or so. 
The plant of this company is on such a scale that it can take every- 
thing the shovel dumps into the hopper. The dredge follows the drift 
of the deposit, excavating the phosi)hate, and securing artificial navi- 
gation at one and the same operation. 
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The Bartow Phosphate Oompany is using with great saccess the steam 
clam-shell folding dipper, operated firom a car on a railroad track, which 
is prolonged over the land laid out to be mined. The folding lever, to 
which the 5- ton dipx>er is attached, works on a pivot and moves over 
a semicircle of about 25 feet. On one side of the excavation made, the 
overburden or dump is discharged, and on the other, the workable dirt 
is dei)osited in cars on a side track. As the work progresses the steam 
shovel retires, leaving behind it an enormous ditch, resembling a canal, 
which rapidly fills with water. 

Where there is nothing but a sandy matrix, a centrifugal pump has 
been substituted for the dipper. A powerful stream of water is played 
upon the matrix, with the purpose of disintegrating the mass as it 
lies, then another pump raises it, after the manner of the river mining. 
In clay or rock matrix this method has not given satisfaction, though 
experiments are still being made in that direction. 

Land pebble mining offers a wide range for inventive genius, and 
improved machinery is being introduced as experience and expert 
ments warrant a change. 

This land pebble is found chiefly in Hillsborough, Polk, and De Soto 
counties, with considerable indications in Manatee county; and as may 
be seen from the map, the field is of great magnitude, and a most im- 
portant and valuable accession to the phosphate supply. It shares 
with the other fields in the favorable consideration of experienced pros- 
pectors and operators. 

Bartow, a thriving south Florida town, is the business centre of the 
land pebble belt, and Tampa the principal shipping port. Like aU 
phosphate lands, the area of land pebble varies much, depending upon 
the care and judgment exercised in its selection. The 3deld in some 
cases will be found enormous; but for a located plant, working all the 
paying dirt in reach, 2,250 tons per acre will be found a fair average. 
As land pebble mining admits of a free use of machinery, the cost should 
probably be the lowest, save that of the river pebble. 

AKALYSBS OF LAKGB AVERAGE SAMPLES OF LAIH) PEBBLE SEKT TO ENGLAND. 



Constitaents. 



Moisture 

Organio matter and water of combination 

Phosphoric aoid 

Lime 

Oxide of iron 

Alumina 

Magnesia, et« 

Caroonicacid 

Loaolable siliciooa matter undetermined 

Total 

Equivalent to tribasic phosphate of lime 

Sqnivalent t(» carbonat« of lime , 



Voelcker. 



Per cent. 

.45 

1.55 

83.07 

45.82 

1.19) 

1.63 5 

6.37 

1.64 

9.28 



100.00 



72.19 
8.72 



Cannon and 
Newton. 



Per cent. 
Dried at 2120 



83.26 
43.86 

L80 



{ 



2.00 

10.21 

8.87 



100.00 



72.61 
4.54 
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The average result from 36 analyses of balk samples (of a half ton 
each), taken from yarions parts of the deposit, was 67.35 per cent, of 
phosphate of lime and 2.27 per cent, of oxide of iron and alumina, as 
analyzed by 0. Kuberger of Germany. 

AJiTALTSES OP VARIOUS SAMPLES OP LAND PEBBLB PEOM POLK COUlirTT. 



ConstituentB. 



Phosphorio aold .. 
Phosphate of lime 
Iron and alumina. 



L. R.Voroe, 

B.S.,6 

samples. 



Percent, 
31.62 
08.97 
8.18 



L.E.Voroe, 

B.S..23 

samples. 



Percent, 



67.07 
8.78 



Pratt's 

laboratory, 8 

samples. 



Percent. 



67.69 
2.76 



Average. 



Percent, 



67.91 
8.22 



Immediately following are shown the estimated running expenses per 
day of a land pebble mine using machinery and producing from 40 to 
60 tons per day: 

EI7NKING EXPENSES PEE DAY OP A LAND PEBBLE HIErB. 



Oocupation. 



Manager 

Steam shovel engineer 

Steam shovel fireman 

Steam shovel oraneman 

Tram car hands and loaders. 

Washer feeder 

Washer engineer 

Washer fireman 

Dry bin hand 

Waterman 

Extra hands 



Total labor 

Ten cords of wood at $2 per cord 
Oil, packing, waste, etc 



Total nmning expenses for one day 



Nnm* 

ber of 

men. 



1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
2 



14 



Daily 

rate of 

pay. 



$4.09 
2.50 
1.50 
3.50 
1.50 
1.50 
8.00 
1.60 
1.50 
1.50 
1.50 



Total 
wages. 



$4.09 
2.50 
1.50 
3.50 
4.50 
1.50 
3.00 
1.50 
1.50 
1.50 
3.00 



28.00 

20.00 

2.00 



60.00 



Biver pebble. — ^The river pebble is so denominated because it is found 
in the beds of rivers and their tributaries. It was first discovered in 
Peace river, but has since been found in the Alafia, Manatee, Miakka, 
Caloosahatchee, and Withlacoochee on the Gulf slope, and in the 
Black river on the Atlantic slope. The Peace, the Alafia, and the 
Black river deposits are of the same general type, and are now gener- 
ally believed to have had their origin in the land pebble, which it 
much resembles in shape and size, though it is generally smoother, and 
grades down in size the further it is found from the source of supply. 
This is due, no doubt, to abrasion and wear from being so often moved 
in great bodies by the annual floods and changes of the channel, as 
well as the erosion from the never ceasing flow of the river currents. 
In size it varies from less than that of a broken grain of rice up to that 
of a pea or bean, and is often as large as a hickory nut, though a pea 
or bean more nearly approaches the average size. Mixed with the mass 
may be found large quantities of fossil bones and teeth, varying in siae 
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from a delicate, ivory-like point almost as sharp and not much larger 
than a needle, np to the tusk of a prehistoric elephant, 7 feet long. The 
shape is irregalar, being sometimes round and nodular, sometimes flat 
and kidney shaped, and sometimes jagged and angular with rounded 
points and corners. In color it is gray, brown, slate, and blue-black, 
the blue-black being the most common. 

The marked variation in color is in some way connected with the 
action of the water, for whenever it has been submerged the color 
darkens, being the darkest in the rivers where it has lain the longest. 
Some attribute it to the tannic acid drawn from vegetation by the 
water. To whatever it is due, the stain or dye with which the river 
pebble is colored is most enduring, not being eradicated even by the 
drying process in which it is made red hot. 

The rapid current of the Peace river has often cut off points and el- 
bows and thereby changed its bed. In prospecting at some distance 
from the present stream, with a heavy forest growth upon the land, the 
old river bed may be readily distinguished by the stained and dis- 
colored pebble, which, notwithstanding the lapse of time, has bright- 
ened little more than a shade. 

The river pebble is heavier and harder than the land pebble. This 
also must be attributed to the petrifying action of the water. Chem- 
ically, the pebble has been reduced both in phosphate of lime and 
iron and alumina. The average analysis of well prepared river pebble 
shows about 62 per cent, of phosphate of lime and less than 3 per cent, 
of iron and alumina. It has the advantage of running more regularly 
than any other kind of phosphate, and its superior mechanical condi- 
tion is highly valued by the manufacturer. This pebble is not found 
distributed continuously in the beds of the rivers, but finds lodgement 
in the basins, holes, and cavities cut in the stiff clay, marl, and soft 
limestone, in the bends and eddies, and in the great shoals that form 
here and there like sand bars in other streams. It is said that more 
than 5,000 tons were taken from one bar, which was estimated to be 18 
feet thick and 200 feet long, but these rich bars are found only occa- 
sionally. 

In addition to the accumulation of centuries, now found in the beds 
of the rivers, the yielding banks are continually contributing more or 
less to the general stock. Frequently the dredges find the lead of an 
ancient river bed, and follow it into the banks as far as the growing 
trees will allow. 

The Withlacoochee river runs through the hard rock belt, and the 
pebble mined in thdit stream is clearly the fractured and abraded frag- 
ments which correspond with the gravel screenings already described. 
From time to time it has been swept into the river, where it has 
become waterwom and undergone a change of color somewhat similar 
to the Peace river pebble. Owing, however, to its hardness the color| 
instead of being so black, is often of a dark greenish hue* 
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The pebble found in the Caloosahatchee is largely of animal origin, 
and appears to be younger in point of age. 

As in the other rivers, fossil bones and teeth of many sort;s and sizes 
are found in abundance. 

Kiver mining is earned on almost wholly by machinery, and requires 
more skilled and less unskilled labor than any other kind. Instead of 
the dipper, the steam dredges are supplied with an 8 or 10-inch cen- 
trifugal pump, attached to which is a flexible suction pipe, suspended 
from the end of a boom rigged to a mast, and swinging over a semi- 
circle of about 20 feet at the bow of the dredge. By means of guide 
ropes and pulleys one man works this with ease. This powerftil pump 
raises several thousand gallons per minute. It is estimated by some, 
that with the water, it will raise 15 per cent, of solid matter, and that, 
of the solid matter, for each 8 or 10 tons so raised, one ton will be pebble 
phosphate. 

The pump can raise anything not too large for the suction pipe. The 
pump discharges into a revolving wire screen about 10* feet long and 4 
feet in diameter on the upper deck of the boat. This screen separates 
the pebble from the base material. The pebble comes out thoroughly 
washed, and is delivered into a lighter, moored alongside of the dredge, 
while the water and waste material, which is principally sand, is 
carried through a 12-inch waste pipe the full length of the boat and dis- 
charged on whichever side may be most convenient. As the lighters 
are loaded a small steam tug takes them in tow and delivers them at the 
plant, where an elevator carries the pebble to a tower or wet bin, from 
which it is carried, usually by gravity, to the dryer. When dried the 
pebble is again taken by an elevator, passed through several screenings, 
and then deposited, being in a very fine merchantable condition, in the 
dry bin or storage room, from which it is carried to the cars by gravity, 
where several hands shovel it about and level it as it is loaded. Thus 
the loading is made a very simple operation. A first class river pebble 
plant may cost all the way from $10,000 to $75,000, or even more. This 
includes tugs, lighters, etc. The wear and tear on the machinery is 
great, owing to the dust and sand cutting out bearings and wearing 
away other working parts ; but after the establishment of the plant the 
cost of river pebble mining is the cheapest known. 

After the discovery of the river pebble, the state undertook to ex- 
ercise its sovereign rights over these rivers as being a part of its 
navigable waters, and by law imposed a royalty on all river mines. 
According to the classification under said law, the following royal- 
ties were to be paid on all phosphate taken from the rivers of the state: 
On phosphate not exceeding 55 per cent, of bone phosphate, 50 cents 
per ton; on phosphate exceeding 55 per cent, and not exceeding 60 per 
cent, of bone phosphate, 75 cents per ton; and on phosphate exceeding 
60 per cent, of bone phosphate, $1 per ton. 

However, prior to the assertion by the state of thid right to impose 
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a royalty, individaals and companies had bought up the lands on both 
banks of these several streams, with the pnrpose of controlling the 
riparian rights to the river beds, under the general law. As the rivers 
were generally narrow, and only in a few places had been meandered 
by the United States survey, issue was joined by the companies, who 
declined to pay royalty on any save the meandered territory. This the 
state refuses to concede, and the matter is now in litigation. This does 
not interfere with the mining operations, as the companies have given 
bond, are generally resx)onsible concerns, and keep a correct account of 
the number of tons mined and shipped. Should the state be sustained, 
the extent of river mining territory will be about as follows: 

Linear miles. 

Peace river 146^ 

Alafla n ver 17i 

Black river 14 

Caloosahatchee river 30 

Miakka river 15 

Manatee river 10 

Withlacoochee river 80 

Total....: 263 

The estimate of yield is based partly on observation of the impres- 
sion made on river territory already mined for a considerable period, 
and to which the dredges have returned a second time, and partly upon 
the average of 1,000 tons per acre, as computed by some for river min- 
ing. On this basis the 263 miles of river, allowing a general average 
width of 35 yards, would give about 3,347 acres, and, deducting 25 per 
cent, for unworkable and unprofitable territory, we will have 2,510 
acres, which, at the rat« of 1,000 tons per acre, will give a prospective 
aggregate yield of something like 2,500,000 tons. 

Objections may be urged against this and other estimates given in 
this report that they are not sufficiently specific. 

In answer it may be said that this is the first time anything approach- 
ing a definite estimate has been attempted, and that generalities are 
here dealt in as little as practicable. Hitherto, where writers attempted 
any description of the extent of the several fields, they have used such 
sweeping expressions as " exhaustless," " no bottom," " no end to it,'' 
and *' the entire state is underlaid with it," and the average yield per 
acre has been placed by them at such fabulous figures that, to say the 
least, they were gross exaggerations, unwarranted by the facts. 

The estimates herein given are based upon something tangible at 
least, and are intended only as an approximation to the true result as 
it may be revealed by time and experience. 

Their comparative accuracy and reasonableness are based upon the 
experience of a number of practical miners and upon many months of 
painstaking observation, including measurements of ground upon which 
the several kinds of mining had been done and the ascertainment of 
th^ actu|J quantity of phosphate taken there&om. 



.s 



* o 



CHAP. I. — THE PHOSPHATE INDUSTRY OP FLORIDA* 



65 



The scope of this investigation is intended to apply only to the work- 
able deposits, which can be mined with profit from a strictly economic 
and practical standpoint. 

Immediately following are given varions analyses of the river pebble 
phosphate from the Peace river district: 

AKALYSBS OF SEVERAL CABOOBS OF BTVBB PEBBLB PHOSPHATB. 



Constitaente. 



Cargo of 2,000 tons. 



Voelcker. 



Dy«r. 



Shepard. 



Cargo of 1,000 tona. 



Dyer. 



Tesch^ 



Phosphoric acid (dry basis) 

EquiTalent to tribaaio phosphate of lime 

Lime < 

Oxide of iron 

Alumina • 



Percent 

28.03 

01.20 

40.05 

.84 

.83 



Percent, 

27.91 

60.03 

41.52 

LOl 

L56 



PereenL 
28.00 
eL12 
4L21 

.80 



} 



Pereent 
28.62 
62.48 
42.66 
.81 
1.60 



I 



PereenL 
28.75 
02.76 
43.90 

XS6 



} 



An estimate of themnning expenses for one day of a river pebble 
mine, using machinery and two dredges, with a product of 75 to 80 tons 
per day, is also given : 

BUNXOTG EXPENSES PEB DAY OF A BIVEB PEBBLE MlinS. 



Occupation. 



Saperintendents . . . . 

Captain of tug 

Engineer of tug 

Fireman of tng 

Engineers of dredge 
Firemen of dredge . . 
Pumpers of dredge. . 

Lightermen 

Engineer, dry house. 
Fireman, dry house . 
Laborers, d^ house. 
Extra laborers 



Totallabor 

Ten cords of wood at |2 per cord. 
Oil, waste, packing, etc 



Num- 
ber of 
men. 



2 
1 
1 
1 
2 
2 
4 
2 
1 
1 
8 
6 



Dally 

rate of 

pay. 



Amount. 



$3.78 
L60 
1.60 
1.25 
1.60 
L25 
LOO 
LOO 
L60 
L2& 
LOO 
LOO 



Total innning expenses for one day. 



17.60 
L50 
L50 
L25 
8.00 
2.60 
AOO 
2.00 
L60 
L25 
8.00 
6.00 



84.00 

20.00 

2.00 



86.00 



A geological wonder. — ^Four miles south of Dade City in Pasco county, 
and near the southern limit of the hard rock belt, is Tate's shaft, in itself 
a curiosity and a study, and which, from its peculiar and surprising com- 
bination of formations, constitutes a geological wonder. It was a pros- 
pecting pit started in a fit of desperation by Mr. H. 0. Tate. The surface 
indications and depth of oyerburden were discouraging, but the shaft 
was laid off 12 feet square, a country windlass of pine poles was impro- 
vised, and, with a number of hired hands, a start was made with the 
determination of finding what was there. After passing through an 
oyerburden of soil and sand with an average depth of 6 feet, a stratum 
of soft phosphate 2 feet thick and averaging about 40 per cent, of phos- 
phate of Ume was reached. Directly beneath this a stratum of 2 feet 
of mottled clay, more or less phosphatic, was found. Following the 
mottled clay came a stratum of 5 feet of land pebble phosphate, such 
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as is fonnd in the land pebble belt 26 to 80 mUes feather south. Below 
this was a thin stratam of manganese day; then a 2-foot stratom of 
hard roek phosphate, made np of fragmentary staff and small boulders 
and specimens identieal with those from the plate rock region. At 
the bottom of the shaft, and with an average thickness of 7^ feet, was a 
stratam of hard rock boulders possessing the laminations, the weight, 
the hardness, the high grade, and all the distinctive characteristics of 
the best hard rock phosphate. One boulder, the size of a bacon cask, 
was still in place when the shaft was visited. In itself this shaft shows 
substantially all the distinctive types of the phosphate belt — ^hard rock, 
plate rock, soft phosphate, and land pebble — ^and confounds many of 
the theories advanced as to the origin of the several varieties. It will 
be a most interesting study for scientists and geologists who may give 
the subject any attention. A diagram of the shaft is given. 

GENERAL OBSBBVATIOUa 

When we consider the lack of knowledge and practical experience of 
the men who engaged in the mining industry at its inception, dealing 
as they were with a new material, singular and bulky in its character 
and found under strange and unfamiliar conditions, the progress, im- 
provements, and achievements of the Florida miners in all classes of 
phosphate mining have been phenomenal. 

From a total shipment of less than 1,000 tons in 1888, in 1892 they 
shipped 354,327 tons. This result could be accomplished only through 
perseverance, energy, and the application of a high order of intelligence ; 
this, too, in the face of formidable competitors in the South Carolina 
miners, who were not only intrenched in the favorable opinion of the 
markets of the world, but had the advantage of many years' experience, 
a more thorough knowledge of their business, and of well equipped and 
richly endowed plants more perfectly adapted to their purposes. The 
marked improvement in the manner of mining, and the care bestowed 
uiK)n improved machinery, looking to a higher grade of product, are 
worthy of praise. The sharp competition between the Florida and the 
South Carolina miners, and the depression of prices, but served to 
stimulate a closer study of the economies and caused a demand for a 
more improved class of machinery. The effect of this is shown not only 
in a less extravagant and better system of mining, but in a decided 
improvement in the purity, grade, and condition of the product; nor has 
the limit yet been reached. Land pebble will probably be raised several 
points in percentage, and it is possible that the product of the hard rock 
and contiguous belts may yet reach a much higher standard. 

A cargo from the hard rock belt showed by analysis as much as 
83.82 per cent, of phosphate of lime, and an analysis of several pounds, 
incked up indiscriminately from five pits, consisting partly of boulders 
and partly of fragmentary stuff, showed as much as 86.73 per cent phos- 
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Diagram of Tate's Shaft. 



1. Overburden, soil and sand, 

2. Soft phosphate. 
8. Mottled clay. 

4. Land pebble. 



5. Manganese clay. 

6. Fragmentary and plate rock. 

7. Hard rock boulder phosphate. 
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phate of lime. With the improyed process of erashingy washing, and 
drying there is promise of still better results. 

The absence of state or national reports, or anything more than the 
most general information concerning the phosphate deposits of Florida, 
and the wide demand for a detailed account of the several fields, their 
distinctive peculiarities, yield, manner of mining, and commercial value, 
with such facts as show their relation to our commercial, agricultural, 
and industrial interests, are the warrants for this faUer description and 
an essential to a more intelligent understanding of the importance of 
the subject and their inestimable value as one of oar great natural 
resources. 

The following is an extract from the law granting the right to mine 
phosphate in the beds of navigable waters of the state, upon certain 
conditions: 

Sec. 2. • • • That there shall be paid to the state of Florida the 
sum of fifty cents per ton for every ton of phosphate rock or phosphate 
deposit analyzing fifty per cent, and less, and not exceeding fifty-five 
X)er cent, bone phosphate of Hme, so mined, dug and removed ; seventy- 
five cents per ton for every ton of phosphate rock or phosphate deposit 
analyzing over fifty-five per cent., and not exceeding sixty per cent, bone 
phosphate of lime, so mined, dug or removed; one dollar per ton on 
every ton of phosphate rock or phosphate deposit analyzing in excess of 
sixty per cent, bone phosphate of lime, so mined, dug and removed, an 
account of which shall be rendered'quarterly to the board of phosphate 
commissioners, and payment shall be made quarterly to the treasurer 
of the state of Florida for all phosphate rock and phosphatic dei)osit 
so mined, dug and removed during the quarter; Provided^ That no 
person or persons shall be permitted to dig, mine or remove any phos- 
phate rock or phosphatic deposit from the bed of any navigable waters 
of the state of Florida until he or they shaU have first entered into a 
contract with the board of phosphate commissioners, in conformity with 
the provisions of this act, and shall file with such board a bond with 
good and sufficient sureties, either personal or by a guaranty company, 
to be approved by the board, in such sum as the board shall deem 
proper, conditioned to comply with the terms of such contract and the 
provisions of this act. 

A table comparing the several kinds of Florida phosphate, prepared 
by Dr. Wyatt, and taken from his work entitled The Phosphates of 
America, may prove of interest and is here reproduced: 

COlCPAKISOlir OV THE SSVEIUX KINDS OF FLORIDA PHOSPHATB. 

\TSio. 1. Bonlders of hard roek phosphate, or deaned high erade material. No. 2. Bonlden and debris, 
or nnselected material, merely freed from dirt. Ko. 3. Soft white phosphate, in which no boulders 
are found. No. 4. Pebble phosphate from Peace river as sent to market. No. 5. Pebble phosphate 
ftook. Polk ooimly drift beas, washed and soreened.] 



Num- 
ber. 


> 

Desoriptioii. 


Phosphate 
of lime. 


Oxides of 
iron and 
alumina. 


Silica and 


Carbonic 
acid. 




Boulders (oarefally selected, 120 samples) 

Boulders and d6bris (237 samoles) 


80.49 
74.90 
«5.15 
61.76 
67.25 


2.25 
4.19 
9.20 
2.90 
8.00 


4.20 

9.25 

6.47 

14.20 

10. 4A 


2.10 
LOO 




Soft white phosphate (148 samples) 


4.27 




Pebble f^m Peace river (84 samples) 


8.60 




Pebble from drift beds, Polk county (02 sam- 
plM). 


L70 
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The method of selling phosphate in foreign markets, particnlarly in 
Great Britain, is as follows: It is sold at so mneh per analyzed unit of 
phosphate of lime, upon a guaranteed basis; in the case of Florida hard 
rock, usually 75 per cent, of phosphate of lime. Thus at 9 pence per 
unit (in round numbers as it is generally estimated) the price received 
would be $13.69 American money per ton of 2,240 x>ounds. In case of a 
higher analysis, the seller is paid for such excess at the same rate per 
unit. Shoidd the analysis fall short of the guaranteed basis, then it is 
subject to arbitration, should exception be taken thereto. 

In all contracts it is understood that the iron and alumina shall not 
exceeds per cent., but in case of excess it is subject to settlement as 
follows : For an excess of 1 per cent, or a fraction thereof^ 2 units are de- 
ducted fix>m the analyzed percentage of phosphate of lime; for an excess 
of 2 per cent, or a fraction thereof, 3 units, additional, are deducted from 
the percentage of phosphate of lime; for example, for 1 per cent, excess 
iron and alumina, deduct 2 units, and for 2 per cent, excess iron and 
alumina, deduct 3 units additional. In consequence of the 2 per cent, 
excess of iron and alumina the total deduction from percentage of 
phosphate of lime would be 5 units, and a cargo averaging 79 per cent, 
of phosphate of lime would be reduced to 74 per cent., involving a loss 
of 91 cents per ton. 

The following table shows the selling price, per ton of 2,240 pounds, 
of the several kinds of Florida phosphate, delivered in London, under 
the English unit and percentage roll of buying, on the basis of 9^ pence 
for 75 per cent, goods : 

SELLING PBIGE IN LONDON OF VABIOTTS XINDS GF FLOBIDA PHOSPHATB. 



0Mcrlptiioii« 



Hard rook ... 
Plate rock... 
Land pebble. 
Biver pebble 



AvexBge 




ftDslysed 




per cent, of 


Piioeper 
unit 


phosphate 


of lime by 




theewgo. 




79 


I0.1926S 


75 


.19285 


07 


.10265 


02 


.18265 



Price per 

ton of 2,240 

pounds. 



$15.22 
14.45 
12.01 
11.04 



Thecapital invested in the extension of railroads, the buildingof spurs, 
side tracks, etc., for the accommodation of the phosphate industry of 
Florida, to December 31, 1892, amounted to $635,950. In addition to 
this amount, over $200,000 has been expended in other improvements 
designed to facilitate transportation. This does not include certain im- 
provements now under process of construction at Port Tampa, at an 
estimated cost of not less than $1,000,000. A detailed list of the compa- 
nies which have expended the amount of $635,950 for railroads, eta, 
follows: 
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CAPITAL XNYBSTSD IK VLOBIDA KAHiBOADS. SPUBS, Ain> SIDS TBAOKB. 



CompaiDlas. 



Floildft Central «nd PeninsxilaT B. B. . 

Soath Florida B. B 

SaTannah, Florida, and Western B. B 

Florida Soatbem B. B 

Silyer Springs, Ocala, and Gulf B. B. . 

Florida Phosphate Co. (limited) 

Sterling Phosphate Co 

Standiffd Phosphate and Chemical Co 

Ceres Phosphate Co 

Terraoeia Phosphate Co 

E. B. Bailey's phosphate mine 

Laika Hancock Phosphate Co 

Total 



ICQea 

co n- 

structed. 




Oort. 



$238,960 

136,260 

7,600 

44,000 

122,600 

24,600 

28,000 

6,000 

8,766 

10,600 

10,600 

8,600 



636,860 



CHAPTER II. 



THE PHOSPHATE INDUSTRY OF SOUTH CAROimA. 



n 



CHAPTER IL 

THE PHOSPHATE IHDUSTBT OP SOUTH CABOinTiu 

Prof. Francis S. Holmes, A. M., a native of the state of Soutli Garo- 
lina, and for almost his whole lifetime a diligent and enthusiastic stu- 
dent of its geology and paleontology, in 1870 published his valuable 
work, The Phosphate Eocks of South Carolina. His name is so inti- 
mately associated with this discovery, and especially with that of its 
economic value, that we cannot do better than quote from his book : 

GEOLOGY OF THE PHOSPHATE FIELDS OF SOUTH CARO- 
LINA. 

Hames given to the phosphate looks. — ^Writers have called these rocks by 
different names; this has occurred even in the writings of scientitic 
men, who should have at once ilxed upon one name and brought it into 
general use. 

They have been called marl rocks, marl stone, bone phosphates, 
phosphate rocks, coprolites, conglomerates, and sometimes bone rocks. 
These names have been so used by writers of late that one is sometimes 
at a loss to know which of all the mineral products of the region is 
meant. 

That there may hereafter be no mistake as to the name, we have 
adopted that of phosphate rocks as the best and most comprehen- 
sive. For, though by the terms bone phosphates, marl rocks, or marl 
stones they might very properly be called, we think the name phos- 
phate rocks is more in accordance with popular usage, and conveys also 
a better idea of their true character. 

And here it may be remarked that these rocks are not conglomer- 
ates, coprolites, or bones, and that the teeth and bones which are 
found mingled with the phosphate rocks in their beds should not be 
called phosphate rocks, but fossil teeth and fossil bones; and that, too, 
notwithstanding their richness (when thus associated) in phosphate of 
lime. When we speak of marl we mean simply " that compound of 
earthy mixtures of which carbonate of lime in any form constitutes 
either the sole or the chief value as a manure, and which is in such 
large proportion as to be of important value, and the mass soft enough 
to be excavated and broken down by ordinary digging utensils.'' 

Green sand often contains no carbonate of lime, is not generally rich 
in calcareous matter, and therefore should be called green sand marl. 
Marl stone is calcareous, of a stony hardness, and not capable of being 

73 
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dug, becanse not of an earthy texture; can not be pulverized enough by 
ordinary implements to be used as a manure, but requires for such 
purx)ose to be burnt to lime. It is truly a limestone, and should be so 
called. 

Glay is a soapy, non-calcareous, earthy material, but there are some 
forms or varieties that are improperly though i>opularly termed marL 

Goprolites are the undigested fecal remains of animals fossilized; of 
stony hardness; often petrified, and sometimes, though not often, phos- 
phatic when taken from Tertiajy or Modem rocks. 

Conglomerates aie strictly commingled fragments of many kinds of 
rocks, or they may be termed loose materials of a rocky character 
cemented together in masses. The conglomerates of the Ashley beds 
are made up of phosphate rocks, marls, pebbles, grav^ etc., cemented 
together by oxide of iron or lime. They often contain x>ebbles of water- 
worn quartz. 

The bones which are found in such numbers intermingled with the 
phosphate rocks are not rocks in any sense of the term, nor are the 
phosphate rocks bones. Many believe the phosphate rocks to be 
masses of true bone fossilized, but this is a mistake; they never were 
bones at any time, but were originally calcareous rocks. This is evi- 
denced by the shells, corals, and corallines of which they are composed, 
and by the general character of the mother bed from which they 
were taken to be redeposited in basins, where, by a chemical process 
(hereafter described) they were converted from a carbonate of lime 
rock or marl into a phosphate of lime rock, containing very little car- 
bonate of lime. 

• • • • • • • 

Age of the phosphate basins of the Ashley. — ^Next in the geological series 
are the beds of this exceedingly interesting age; the period in which (as 
indicated by the fossils collected) man first made his appearance on this 
continent. To our mind the Post-pliocene is the connecting link be- 
tween the Ante-historic or Tertiary, and the Historic or Eecent age; and 
may be properly designated the age of Prehistoric man. 

Formerly, and before these beds had been carefally studied, they were 
supposed to belong to the Tertiary, and therefore considered (and in 
the tables of classification, placed) uppermost in the division accord- 
ing to Lyell's arrangement, being the youngest. But since the dis- 
covery of human bones and works of art in 1844, in beds of this age, 
in the Ashley basin, and of similar discoveries (1854) in the lake dwell- 
ings of Switzerland, and also in the Somme valley in France, they 
must now be referred to a more recent date, the Quaternary period. 
Its sands, rocks, and fossils are replete with interest to the practical 
man when he sees and comprehends their meaning, and they fascinate 
beyond description the scientific observer, who, after long years of 
study, realizes in the rocks and fossils of this period the charming reve- 
lations of geology, and at once comprehends their <^ sweet influences." 

• ••••• • 

^^ • 

The shells from these beds appear, when taken from the sands, as 
fresh and perfect as those picked up on the sea beaches of our coast, 
and nearly all of them are of the same species. 

Eecent or Historic age. — To complete the geological series, we find 
that after the Post-pliocene beds comes the Eecent or Historic period, 
in which were and are now being deposited the mould of the forests 
and the washings of the hills, forming the soil of our cultivated fields, 
the mud banks of our bays and harbors, and periodically spreading 
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over our rice fields its rich and fertilizing sediment, brought down sus- 
pended in the waters of the rivers. 

• • • • • • • 

Origin of the phosphate rocks. — If the reader has followed us in the at- 
tempt to make plain the order of superposition and the prominent 
characteristics of the geological formations as described in the forego- 
ing pages, he is now prepared to go with us, also, into a consideration 
and examination of the origin of these rocks and their remarkable iXMsd- 
tion, as seen in the Charleston basin. 

And first, we should always bear in mind this important fact, t&at 
though these basins were formed in the Post-pliocene age, the rocks 
deposited in them do not actually belong to that age, but in fact to 
the Eocene, an older formation. It has been ascertained beyond doubt, 
that frequently rocks or fragments of rocks of older formations, and 
therefore of greater age, are found in newer deposits of a comparatively 
recent date. Quartz pebbles and fragments of water- worn crystalline 
rocks are often seen embedded in modern clays and sands. The phos- 
phate rocks of these basins, like the quartz pebbles just named, have 
been derived from an older formation ; viz., the Eocene marl, or the 
great Carolinian bed of marl, which is the foundation of the whole 
seaboard country of South Carolina, and is composed of the Ban tee, 
Cooper, and Ashley river marls, which in the aggregate are 700 feet 
thick, and extend from North Carolina into Georgia. Before the low 
country of South Carolina was raised above the level of the ocean, the 
waves of the Atlantic beat upon the granitic lulls of Edgefield, Lexing- 
ton, and Eichland. The shallow water of the coast, with its submarine 
formation of undulating sand banks, was then, as now, resting upon 
this surfiaice of the great marl formation of the Eocene age; both were 
below the level of the ocean, exposed to the degrading influence of its 
waves, and bored by moUusca and other marine animals. 

The Eocene marl is here represented as we have found it, with its 
surface washed into deep cavities and holes, bored by the animals just 
named and honeycombed to the depth of 5 or 6 feet. This is its condi- 
tion off Charleston harbor at the present time ; and wherever the surface 
of the bed inland has been uncovered, it is found irregular and broken, 
and the phosphate rocks show this plainly. From the coarsely honey- 
combed surface of this mother bed, fragments were being continually 
broken off by the waves, rolled over the sand beds, which wore off their 
angular edges, and finally deposited them in extensive masses in the 
great hollows or basins below the ocean level. 

We apprehend it did not require a very long time, nor much friction, 
to reduce these comparatively soft lumps of marl rock to the rounded 
or nodular forms they now have. Every gale drove them further and 
further upon the submarine beach, until at last they were deposited in 
the lagoons or basins formed within the sand reach of the coast. 

Prof. Ansted, describing the phosphate beds near Cambridge, Eng- 
land, writes — and we quote him in corroboration of our own views on 
this subject: ^' Many years ago a discovery of phosphate of lime was 
made in the so-called crag beds of Suffolk, and afterwards in the green 
saiids of many parts of the southeast of England." (This corresponds 
to the Eocene or green sand of South Carolina.) ^^ The former contain 
beds consisting of nodules of exceeding hard material, which, when 
ground, are soluble in sulphuric siicid, and then form a most vsduable 
manure. The proportion of phosphate of lime in these nodules varies 
from 50 to 60 per cent.'^ Now observe the analogy between the English 
and Carolina beds as regards origin. Pro£ ^sted oontiuues, ^^The 
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crag nodules are found in the newer Tertiary gravels, bat the nodnles 
themselves are believed to have been washed out of older rock, also 
of Tertiary age.'' It was undoubtedly so with the South Carolina phos 
phate rocks. 

The next great change was the upheaval of the whole seaboard 
country by some geological agency , and the elevation of the coast above 
the level of the ocean. When the sand hiUs and the submarine lagoons 
were raised, the basins contained sea or salt water, and must have 
been so many small salt lakes along the seacoast, having their bottoms 
covered or paved with a thin layer of the nodular fragments of marl 
rock. As the evaporation of the salt water progressed, what was lefb 
became day after day a stronger brine, until, at last, a deposit of salt 
ultimately formed as a crust upon the pavement of marl rocks. And 
here we must remind the reader, that these nodular fragments of Eocene 
rocks are composed (like the mother rock from which they had been 
broken off) entirely of the dead shells of marine animals which, age 
after age. were deposited at the bottom of the ocean or Eocene sea, 
and finally became an immense bed or formation of marl, inclosing 
throughout its great depth not only the polythalamous shells, corals, 
and corallines, but the teeth and bones of sharks and other fish, and 
of whale-like and alligator-like animals, such as alone live in the sea; 
but no remains of any land animal have ever yet been found in it. We 
say it without any fear of contradiction, and challenge proof of a single 
specimen being obtained from, or embedded in the nodules (phosphate 
rocks), or from the marl bed itself the mother rock. All the remains 
of land animals obtained in such vast numbers are mingled with, and 
not embedded in, the nodules found in the phosphate basins; and this 
mingling of bones and teeth occurred in the Post-pliocene ag:e after 
the elevation of the basins above the ocean level. It was in this Post- 
pliocene age, the period when the American elephant or mammoth, 
the mastodon, rhinoceros, megatherium, hadrosaurus, and other gigantic 
quadrupeds roamed the Carolina forests, and repaired periodically to 
these salt lakes or lagoons, or, as they are called in Kentucky, ^^ salt- 
licks;" and during a series of indefinite ages, engaged, as they were, 
first sipping brine, then lickiQg salt, and depositing their fecal remains, 
and ultimately their bones and teeth, in fact their dead bodies, in these 
great open '^ crawls " or pens, thus preparing, as ordained beforehand 
by the Great Master Buuder of our earth, a storehouse of rich mate- 
rial for man's use. They converted the rocks, prepared of old at the 
bottom of the ocean, into the basis of a most wonderful fertilizing sub- 
stance. 

• •••••• 

What are fosrils and petrifiictions f— The important agents being not 
only water holding carbonic acid in solution, whereby &e lime was dis- 
solved particle by particle, but the fecal matter from the animals 
named, would frimish the phosphoric acid to supply the portion of the 
lime dissolved out of the mass, and thus convert tiiese nodules into a 
phosphate rock. 

Additional evidence may be afforded by the fact that the bones of 
land animals, as found intermingled with the nodules or phosphate 
rocks, when recently taken from the living animal, contain about 51 or 
52 per cent, of phosphate of lime, but when associated, as they must 
have been for centuries, with the materials of the phosphate rock 
basins, they necessarily imbibed an additional amount of this essence, 
and now yield upon analysis 92 per cent, of phosphate of lime. And 
where did this additional amount of phosphate of lime come fromt It 
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follows, therefore, that if these bones had contributed to fiimish the 
phosphoric acid of the rocks (as some suppose) they would have been 
deprived of all they possessed; and, therefore, it seems very plain, that 
from the fecal matter (dung and urine) deposited by land quadrupeds 
during a series of ages, dissolved by rain, and its juices carried down 
to be imbibed by the marl nodules, atom after atom as the carbonate 
of lime was dissolved out of the rock, has been derived the chemical 
agent which converted the Eocene marl nodules into phosphate rocks. 
To the bones which are buried with them was imparted also the addi- 
tional amount of phosphoric acid they are now found to contain in 
excess of what they possessed when in a recent or living state, and not, 
as has been suggested, from the excrement of birds. 

• •••••• 

The fish-bed of the Ashley. — ^The idea prevails that the fish-bed of 
the Ashley basin, alluded to in Prof. Tuomey's geological report, is the 
phosphate rock stratum with its associated teeth and bones. This is 
an error into which many have been led. In Prof. Tuomey's report, p. 
165, he writes: ''The most remarkable feature in the fauna of the 
period of the deposition of these beds was the vast number of cartilagi- 
nous fishes. It would seem as if about the close of the Eocene period 
theee voracious monsters, conscious of their approaching end, had con- 
gregated here to die, and it is no exaggeration to say that more than a 
bushel of fishes^ teeth have been collected at Ashley ferry within the 
last few years. I have visited the locality several times and never 
without finding a large number of specimens. As the marl is washed 
away by the river and tides, the fossils are left exposed at low water, 
and in this way the locality appears almost inexhaustible and well de- 
serves the name of the fish-bed of the Charleston basin." 

The surface or upper marl beds are here alluded to, that is to say, 
the Ashley marl and sands, and not the overlying phosphate rock 
bed. 

The fish-bed of the Ashley had been thus named by us before Mr. 
Tuomey had visited South Carolina. In the above he only expresses 
his approval of the name given it. 

At ^at time Prof. Agassiz had not been on the Ashley. 



DISCOYBRT OF PHOSPHATE EST SOUTH CAROLINA. 

Sometime in ]S"ovember, 1837, in an old rice field about a mile from the 
west bank of the Ashley, in Saint Andrew's parish, we found a num- 
ber of roUed or water-worn nodules, of a rocky material, filled with the 
impressions or casts of marine shells. These nodules or rocks were 
scattered over the surface of the land, and in some places had been 
gathered into heaps, so that they could not materially interfere with 
the cultivation of the field. 

At that time we were students of geology and paleontology, and 
the interesting and beautifcdly preserved forms of shells, teeth, and 
bones mingled with the rocks filled with the casts of shells, corals, and 
corallines, attracted our attention, and in a very short time enriched 
our cabinet with thousands of remarkable specimens. These, during 
a term of six jears, we studied carefully and labelled as best we could. 
The appointment of Mr. Eufi&n, in 18^^ to make a survey (geological 
and agricultural) of the state, as ordered by the legislature, was gen- 
erally understood to be mainly for the purpose of introducing the use 
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of marl and lime as fertilizers ; marl having been snccessAilIy and exten- 
sively used by the farmers of Virginia, and the results obtsuned having 
been found to surpass their most favorable anticipations. 

Mr. Euffin immediately called the attention of the planters to the 
imiK)rtance of searching diligently everywhere for marl beds and other 
sources from which calcareous earths or lime could be obtained. 

Shortly after his arrival among us, we had the satisfaction of pointing 
out the exx>osures of marl on the Ashley, and of submitting for his 
examination specimens of the nodular rocks scattered over the fields 
just alluded to. As these rocks contained Uttle carbonate of lime (the 
material, of all others, then most eagerly sought for) the nodules were 
thrown aside and considered useless ^s a ferl^ing substance. 

Mr. Buffin also intimated that as the great Carolinian marl bed 
was extensively exposed on the river banks near by, waseasy of access, 
and readily dug with ordinary implements, he thought it well worth 
transx>orting in carts and wagons, 4 or 5 miles; especially as it was 
so much richer in carbonate of lime than the marls of Virginia, which 
were often carried to a greater distance; the former having from 
50 to 80 per cent., the latter averaging only about 40 per cent. At that 
time marl, and everything resembling marl, was carefally scrutinized 
and analyzed by Professors Shepard, J. Lawrence Smith, and Wm. 
Hume, and some of the results published. 

From a prize report, made to the State Agricultural Society of South 
Garolina, ^November, 1844, of successfdl experiments in marling cotton 
and corn lands, and for which their premium was awarded, we extract 
the following, which forms a part of the history of phosphate rocks: 

"In a low part of an old field (December 9, 1843) we attempted to bore 
with an auger below the surface to ascertain the nature of the earth 
beneath, and with the hope of finding marl. We did not penetrate 2 
feet before the auger was thrown aside and the spade and pick resorted 
to. On removing the soil above the rocks, they were seen in a regular 
stratum about 1 foot thick embedded in clay, and seemed to be identi- 
cally the same as those tbund scattered on the surface of an adjoining 
field; all of them bearing the impression of shells, and having similar 
cavities and holes filled with clay. Continuing our excavation, the 
yellow marl was reached about 5 feet from the surface. As the water 
sprung rapidly we had to abandon the work, but with the satisfaction 
of knowing that the marl underlaid the stratum of rock and was to be 
had on our own farm, and in the midst of our cultivated fields, thereby 
enabling us to save carting 1 mile from the river bank. 

On the 22d of February following (1844) another attempt was made 
to find the marl, and it was discovered near an old causeway on the 
edge of the high land under the marsh. The following is a tabular 
arrangement of the strata taken from above the marl wMch lies 4 feet 
6 inches below the surfgtce of the mud : 



strata. 



Feet. Inohes. 



1. Harsh mud filled with roots , 

2. White sand and a few pebbles 

3. Marl rooks (phosphate rocks) 

4. Dark sand, lumps of blneolay, and pebbles 

5. Bine and ^ray sand, with aqnantity of finely divided shelly matter (Post-pliooene 

shells), with oasts in soft marl and flsh bones and teeth. 

Total :.. 

6. YeUowiah mail eontalning 61 per oent. of oarbonate of lime «... •„•..« 



1 

3 

1 3 
1 
1 



..• 
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At this depth the color changes with a green tint^ and the marl 
increases in strength to 71 per cent, of carbonate of lime, and continues 
thus 7 feet deeper. The sorface of the marl bed was found to be very 
mach broken and irregular, having deep holes in it filled with bine 
mad and sand. Arrangements were immediately made to dig and 
marl lands extensively for the next crop, and a pit was opened 20 feet 
wide and 40 feet long.'' 

It was on the 23d or 24th day of February, 1844, whilst engaged in 
the removal of the upper beds covering the marl, and preparing for 
opening the large pit just alluded to, the laborers discovered among 
the rocks several stone arrow heads and one stone hatchet; they were 
found directly under the roots of a large oak, which was cut down and 
its roots removed to make way for our marling operations. The tree 
stood just within the margin of the high land skirting the marsh; the 
pit, as laid out, encroached upon the high land side about 10 feet, and 
the depth of the soil was about 3 feet above the rocky stratum. 

The late Dr. Thomas L. Burden, an accomplished gentleman and 
scholar, and a true lover of nature, more especially of the departments 
of botany and paleontology, accompanied us almost daily, collecting 
fossils in the neighborhood. We had during our explorations discov- 
ered, upon one or two occasions, a few arrow heads and spear heads (for 
such we took them to be), in out of the way places, and differing so 
greatly in their general characteristics from those commonly found 
scattered all over this continent, that we examined and studied them 
again and again with deep interest, and were continually comparing 
them with the well known similar forms obtained from the Indian 
mounds of America, and attributed to the handiwork of the aborigines. 
But when found under the oak at the marl pit, among the marl rocks, 
as they were then termed (and very properly too, for they are indeed 
marl rocks derived from the 'mother bed of Eocene marl), every precau- 
tion was immediately taken to satisfy ourselves fully as to the possibility 
of their being of the same age as the mound arrow heads and hatchets, 
but washed into a gully in after ages, and now found mixed with the marl 
rocks (phosphate rocks), and therefore accidental occupants of the place. 

After a carefid study of everything connected with their discovery, 
the place and stratum in which they were found, and their remarkable 
forms, we were satisfied that they belonged to and were deposited in 
the same geological age to which the bones and teeth of the mastodon, 
elephant, rhinoceros, horse, and other land animals belong, and which 
are found associated with them in the same matrix or mother bed of 
clay, which is of the Post-pliocene period, and which we have since 
designated as the Prehistoric age of man. 

Alas, for young students and their beautiful theories! Prof. Tuomey 
about this time visited the locality, examined the specimens and every- 
thing connected with their discovery and e^diumation, together with ail 
the surrounding strata, and advised against their publication, as it 
was possible for them to have fallen into a hole at the foot of the tree, 
or the burrows of some animal; and, should no more of such relics here- 
after be tbund, our reputation as observers in the geological field would 
be affected. It was good advice and we took it, though we certainly 
were convinced against our wilL 

• •••••• 

l^^ot long after finding the above named relics of human workman- 
ship, and while engaged in our usual visits to the Ashley bed, a bone 
was found projecting from the bluff immediately in contact with the 
8ur£EUse of tiie stony stratum (the phosphate ro<^s) ; we pulled it out^ 
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and behold, a human bone I Without hesitation it was condemned as 
an accidental occupant of quarters to which it had no right, geo- 
logically, and so we threw it into the river. Alas! we have lived to 
regret our temerity and rashness. A year after a lower jaw bone with 
teeth was taken from the same bed, and we now have it in the cabinet. 
Subsequent events and discoveries show, conclusively, that the first 
discovered human bone was '^ in place,'' and that the beds of the Post- 
pliocene, not only on the Ashley, but in France, Switzerland, and other 
European countries, contain human bones associated with the remains 
of animals and relics of human workmanship, proving most conclu- 
sively that the Carolina specimens were found <^in place," and as the 
£urox>ean discoveries were made in 1854 and ours in 1844, to South 
Carolina should be awarded the honor of the first discoveiy, and the 
determination of the Paleontological age of the Post-pliocene beds. 
It stamps it as the Prehistoric age of man, the connecting link between 
the Tertiary and the Becent age, the true Quaternary period in its 
geological history. 

WMlst engaged in manufacturing saltpetre at Ashley ferry, on the 
west bank of the river, during the late Gonfedprate war, the lime or 
calcareous earth, necessary in such operations, was obtained by sinking 
pits into the Eocene marl bed. 

Upon the removal of 4 or 5 feet of the upper layers, the workmen 
discovered in one part of a pit a number of oddly shaped nodules, 
resembling somewhat the marl stones (phosphate rocks) found in the 
stratum above the marl, but more cylindrical in form and not perfo- 
rated, and having their exterior polished as though each individual 
specimen had received a coat of varnish; they appeared to have been 
deposited in a large cavern or pocket in the marl bed. The quantity 
taken from this pocket was estimated at several wagon loads. 

We supposed them to be coprolites, or the fossilized excrements of 
some of those large aquatic mammalia of that age, whose bones are 
found in great numbers in the marl, and also mixed with the phos- 
phate rocks in the basins. The zeuglodons, squalodons, and phoco- 
dons swarmed in the waters of that period, and they had as associates 
huge crocodiles or alligator-like creatures which roamed the submarine 
forests like an army of locusts seeking their prey. 

The amount of phosphate of lime found by Dr. Pratt, in his analysis 
of these supposed coprolites, is small compared with that of the phos- 
phate rocks, being only 15 per cent. But it is not surprising, as the 
marl must have extracted a large portion of their phosphoric essence. 

This completes the history of the marls and the phosphate rocks up 
to the close of the Confederate war in 1865, and which for 4 years 
excluded all Europe, their doings and their publications, from Oonfed- 
erate eyes; and it was not until 1867, when we had recovered suffi- 
ciently from the war to import a few books from England, was ascer- 
tained what had been done during the interval by scientific men of 
that country. 

Early in the month of August, 1867, the ninth or tenth day, our 
friend Dr. K. A. Pratt, with whom we had been intimately associated 
during the war, brought us a small fragment of rock and enquired if 
we knew it. We replied, "Yes; as well as we knew our children; we 
have been familiar with it since 1839, have a large coUection of specimens 
at the College of Charleston, and would be glad to submit them to him 
for examination.'' To this tne doctor readily assented, and we repaired 
immediately to the college. On examination (there were 50 or 60 
■pecunens in the closet) he said, "I think that you are mistaken, 
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these are not the same kind of rock as that in my hand." We r^oined, 
<^ There is no doabt in our mind about it, but feel confident they are tiie 
same." We suggested that a quantity should be ground up finely, so 
as to obtain a fair sample for analysis. Dr. Pratt^ accordingly, took sev- 
eral pounds, enquiring at the same time as to its chemical composition. 
We replied, ^ Pro! Tuomey made a crude analysis of it some years ago. 
His notes of the result were burnt with our library; but we well remem- 
ber that the amount of phosphate of lime, 16 per cent., was considered 
too small, and the carbonate of lime, iron, and sand, too great to admit 
of its being used advantageously for agricultural purposes." 

At that time patent fertilizers and fashionable superphosphates were 
unknown; in fact, guanos in this country had been used but a short 
time, hence the anxiety of scientific men to develop the great masses 
of marl which were found on the banks of the rivers in South Caro- 
lina. 

We well remember relating, too, an incident which occurred some 
years ago regarding these rocks. A gentleman of Saint Andrew's had a 
large quantity of the rock pounded at a considerable expense, intending 
to use it as a fertilizer, but Mr. Buffin, and the party who accompanied 
him on the visit, dissuaded the old gentleman from using it by saying 
it would produce no beneficial effect. This was in the year 1843. 

After selecting the sx>ecimens intended for analysis, the doctor re- 
marked that the small specimen which he i>ossessed was obtained 
from the neighborhood of Charleston, but did not name the locality, n(x 
from whom he had received it, nor did we ask him. He also remarked 
that it contained a much larger quantity of phosphate of lime than 
is known from published accounts of the Ashley rocks, by Shepard or 
Tuomey, and that it was vshluable as a fertilizer if all the Ashley rocks 
were of the same quality, though if found in quantity, as we had rep- 
resented, he was fearful the average percentage of phosphate of lime 
would not be so great, as our specimens indicated a greater amount of 
silex, iron, and Ime than was found in that in Ms possession. 

The day after this interview. Dr. Pratt informed me tdhat the analysis, 
though not compleiecL indicated to his surprise even greater results 
than he had obtained n*om his specimen, and that it was reduced to a 
certainty that the Ashley ferry rocks were undoubtedly much richer in 
phosphate of lime. When the analysis was completed, it was ascertained 
to contain nearly 60 per cent, of phosphate of lime. Dr. Pratt said, ^< The 
question with me now is, the extent of t^e formation, and this must be 
looked into at once." Again we rejoined, <^ This is well known, and 
though we can not take you up to the Ashley today, because of engage- 
ment at the college, we will send Mr. Jonathan Lucas with you 
tomorrow, and you can then see and judge for yourself; for he knows the 
stratum and its outcrop, having been with us during the war whilst 
engaged manufacturing saltpetre." At the same time we also told the 
doctor that the extent of tliis deposit was marked upon a map which was 
still in our possession, and it should be looked for. The map was after- 
wards found and submitted to him for examination. 

The necessary arrangements being made, Dr. Pratt left the next day 
with Mr. Lucas for Ai^ey ferry, saw the rock in sitUj and admitted, 
it surpassed his anticipation. On the very day the doctor and Mr. 
Lucas were visiting the Ashley, we received Ansted's book from Lon- 
don, on the Oeology of the Cambridge Beds of Phosphates, giving in 
detail the analysis of a rock similar to that of the Ashley, and dis- 
covered sometime during our Confederate war. His description of the 

20616 6 
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Oamf^ridge rock eorre8i)ond8 in almost every particnlar with that' of 
the Ashley beds, and in a most remarkable manner corroborated onr 
statement made years ago; viz., that Gharleston was located, geolog- 
ically, on the same formation as that of the great city of London. 

On the doctor's retnm from the Ashley with Mr. Lncas, we had the 
pleasure of placing the book in his handB, and directing his attention 
to the article. Several persons were present at the time, md all ex- 
pressed their surprise. 

The thickness of the beds described, the formation of strata, and the 
percentage of phosphate of lime were almost exactly those of the Ash- 
ley beds : and it was remarked, that if the war had not occurred, which 
cut ns on from all English publications, the value of the Ashley beds 
would have been known to the Carolinians in 1864. The Hon. O. G. 
Memminger was the first person to whom we applied for atd to develop 
this additional source of wealth. At first he did not seem to appre- 
ciate its value, but when we exhibited our own publications, extending 
through many years, and also the work of Prof. Ansted of England, 
which had been received only the day before, he said, on taking leave 
of us, << That book of Ansted's is of the first importance in enabling 
you (Dr. Pratt and the writer) to establish the worth of your discovery; 
be careful of it." 

That book did ultimately convince many of the value of this discov- 
ery, and aided us greatly in obtaining the necessary means to develop 
the phosphate deposits of South Carolina. 

For several months after the discovery we were engaged in making 
explorations and arranging future work, and had lost sight of or had 
forgotten to inquire concerning the specimen first ansdyzed by Dr. 
Pratt; and it was not until some time in the early part of 1868, we were 
informed by a friend. Dr. F. Peyre Porcher, that Dr. Bavenal had given 
the specimen to Dr. Pratt, and afterwards by Dr. Pratt himself when 
we told him of it, and that Dr. St. Julien Eavenal had been inquiring 
if we possessed a series of specimens of the several geological forma- 
tions found in the Ashley beds. And here it may be proper to state, 
that it was the first time since the war that Dr. Bavenal had conversed 
with us about marls or geological specimens. Dr. Pratt said the 
specimen was given to him by Dr. Bavenal, who had analyzed it and 
found 15 per cent, of phosphate of lime. Prof. Tuomey, as before stated, 
found 16 per cent, years ago in these rocks. Dr. Pratt analyzed the 
specimen obtained from Dr. Bavenal and found 34 per cent., and after- 
wards those placed in his hands by us at the college and found nearly 
60 per cent, in them. 

To continue the history. After six weeks of unavailing exertions in 
obtaining means to develop these treasures of the Ashley river, and to 
convince the good people of Charleston of the value of the discovery, 
we were obliged to resort to Northern cities for aid. Mr. James T. 
Welsman of Charleston, one of the few who fully appreciated the dis- 
covery, furnished the necessary funds. George T. Lewis and Fredrick 
Elett, esqs., two gentlemen of Philadelphia, immediately took the mat- 
ter in hand, rewarded us both for our discovery, and frirnished the 
capital for the first phosphate mining association, — The Charleston, 
South Carolina, Mioing and Manufftctiu'ing Company, 
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KLKOa OF PHOSPHATE, MAOHINEEY USED, ETC. 

We are indebted to Ms^. E. Willis of Oharleston, South Carolina, an 
acknowledged authority on the subject, for the following description of 
the deposits, the several kinds of mining, the machinery used, etc. The 
accompanying map of the South Carolina deposits, revised by Msy. Willis 
down to a recent date, gives an approximate idea of their extent, and 
shows their relation to the important subject of transportation both by 
sea and rail. 

Land and river roek. — ^There are two classes of phosphate deposits, land 
and river, the extent of the former being estimated at 55 square miles, 
and of the latter 50 square miles. Land rock is tolerably uniform in 
grade. Its color varies from light yellow to heavy brown. It is nearly 
free from iron and alumina, but contains sufficient carbonate of lime to 
make an acid phosphate, and from this are produced ammoniated or 
potash compounds, that promptly dry and remain in a pulverulent state 
after being treated with sulphuric acid. In the United States land rock 
has been mainly used, it being preferred to that from the rivers. 

Biver rock has, since 1870, been preferred in all foreign markets to 
the land rock, and much the larger part of that mined still goes abroad. 
/ In color it is from gray to blue-black, with specific gravity of about 2.4 
/ and hardness about 3.15. 

At the lower left hand comer of the accompanying map will be seen 
the extensive beds at Beaufort and vicinity, and in the Beaufort river 
and its branches. Then a little to the right the Coosaw river and Chis- 
holm's Island, one of the most prolific sources of phosphate rock in the 
state. Kear the centre is shown the section bordering the Edisto river 
and the Horseshoe creek, where workable deposits are found. There 
appear farther to the right the deposits of the Stono, Ashley, Cooper, 
and Wando rivers, and those in the neighborhood of Charleston. 

The colored sections do not all represent workable deposits, the lighter 
portions being indicative of the smaller or less profitable sections, and 
the darker where mining is extensive or profitable. All the inlets from 
the sea, in the vicinity covered by the map, contain more or less phos- 
phate rock. It is found at depths beneath the surface varying from 1 
to 20 feet. 

The nodular stratum varies from a few inches to 2 feet 5 inches in 
thickness, but the latter is rarely observed j ordinarily it is from 10 to 
16 inches, and averages about 10 inches. Where the deposit exceeds 
15 inches in thickness it rarely extends beyond a limited area, and 
is generally due to local accumulation, or is the result of accideutal 
' superposition of a few large nodules. The yield per acre varies from 
500 to 1,200 tons, the average yield of land beds now worked being 800 
to 1,000 tons per acre. The yield per acre stands in a certain ratio to 
the thickness of the stratum, but not ini^ariably so, as the compactness 
is an important factor in determining the amount of production. In 
many instances the stratum is underlaid by marl, occasionally to a 
p depth of 250 feet. 

Land mining. — ^The method of land mining phosphate rock is simple. 

Long trenches are laid off, from which the overlying earth is first removed ; 

^ then by hand labor, with pick and shovel, the rock is taken from the 

^^ tranches and tiirown into piles, from which it is taken by barrows or 
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carts to be washed and crushed. The laborers are osnally negroes from 
the sniTonnding neighborhood and near towns or cities. Italians were 
employed several years ago by a number of companies, but they were 
soon replaced by negroes, who, for climatic and other reasons, are better 
adapted to the work. 

Biver phosphate. — ^Biver phosphate is found in deposits on river beds, 
in depths varying from exposure at low tide to 10 or 16 feet below the 
surface of the water. It is occasionally found under layers of sand and 
mud. The nature of the deposit and the depth of the water determine, 
in a large measure, the method of excavation. Where, the rock is not 
over 3 or 4 feet below the surface of the water mining is done by hand; 
in deeper water dredging is resorted to. Where the rock is taken from 
navigable streams it is the property of the state, and is subject to a 
royalty of tl per ton. 

Hand picking. — ^At low water, where the bed is easily accessible, work- 
men with pick and shovel loosen the rock and throw it on scows or flat- 
boats within convenient reach in shoal water. When the tide rises the 
operations cease until the next low tide, and the loaded scows are moved 
to convenient i>oints for shipment to washers and crushers, or for trans- 
fer to vessels. The localities in which this mode of mining can be car- 
ried on are few, but they have yielded large quantities of rock at mod- 
erate cost. In the deeper water, where dredging is not resorted to, 
much rock is obtained by divers, who with pick and crowbar loosen 
the material by expertness obtained only by those skilled in this par- 
ticular work. A diver is enabled to bring to the surface rocks which 
would require the strength of three or four men to handle above water. 

Dredging. — ^The dredging machines are used to most advantage in about 
12 feet of water. They are powerful machines, especially made for the 
work, of several varieties of construction, and with claws and scoops ca- 
pable of raising immense weights. An ordinary day's work, under favor- 
able circumstances, lifts about 100 tons of rock. The rock having been 
gathered into dippers or buckets propelled by steam, is emptied on a 
grating or conic^ washer where it is cleansed of the mud and sand by 
means of heavy streams of water. Marl, sandstone, or oyster shells 
are then easily detected and thrown aside. The rock which is partially 
cleaned then descends or is thrown by the machinery on a crusher, and 
thence into a second washer, where the remaining impurities are sepa- 
rated. The washing apparatus consists of either upright and caldron- 
shaped or shaft washers, which discharge the washed rock upon lighters 
for transportation to the drying sheds, where it is heaped upon and 
around a system of perforated iron pipes. Hot air is then forced 
through these pipes, and, escaping through the perforations, in a few 
days thoroughly dries the originally saturated rock. 

Machinery for loading and discharging. — The machinery for loading and 
discharging at the works of the Coosaw Mining Company will serve to 
explain these processes. At the first and second piers wet phosphate 
rock is hoisted by donkey engines from lighters, dumped into cars, and 
in them rolled to the drying bins, where it is piled up on the system of 
perforated iron pix)es to be dried. At the third pier a vessel receives a 
cargo of dried rock, delivered directly into the hold by dumping cars, 
which are loaded in the drying sheds from large iron buckets hoisted by 
steam power. 

Gmahing and washing. — The machinery for crushing and washing the 
rock is expensive and elaborate. The washer in general use is known 
as the single-screw washer. It consists of four half-circular boxes 
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resting in a frame on an incline of 18 inches, and 25 feet in length. 
These boxes are cased with iron. In each box is an octagonal shaft, 
also cased with iron^ and having on each fsbce teeth or blades set at 
such an angle to the shaft as to form a spiral screw, with a twist of 1 
foot in 6 feet. Over each box or washer are strong cylindrical crashers 
or breakers armed with steel teeth, acting against an iron plate, and 
set about 4 inches from the plate. Through these breakers the nodules 
of rock are dumped, and by them broken to a uniform size of 4-inch 
cubes. The rock is then agitated by these bladed shafts, which make 
about 18 revolutions per minute, and are submerged in water contained 
in the tub or box. The rock is forced forward and up the incline against 
a heavy stream of water (which enters at the upper end of the washer 
box) and empties itself through an overflow at the end. The abrasion 
of one piece of rock against another, in its passage through the box, 
rids it completely of aU foreign matter, such as mud, etc. From this 
overflow it falls upon screens, set one above the other, the flrst screen 
having about half-inch meshes, and the lower screen about quarter-inch 
meshes. From this lower screen the flne rock fiaiUs upon an oscillating 
screen stUl lower, which serves to rinse the small rock thoroughly. 
Over all these screens a flow of water passes continuously. From 
them the rock falls upon an elevated platform, and is thence taken to 
the sheds or storehouses. The water used is drawn directly from the 
river and forced up into large troughs by means of heavy pumps, both 
steam and centrifugal. The washers are considerably elevated for the 
purpose of getting rid of the debris, which is carried oft* by means of 
large troughs. The loss by abrasion and clay adhering to the rock 
varies from 50 to 60 per cent. The capacity of each washer is from 40 
to 50 tons of clean rock in 10 hours. 

AH^ALYSES. 

Analyses made by Dr. 0. W. Shepard, jr., in 1880, of several hundred 
samples of South Carolina rock phosphate, show the following average 
percentages for the various constituents: 

SEST7LTS 07 XSALYSBS OF SEVERAL HUNDRED SAMPLES 07 SOUTH CAROLIKA 

ROCK PHOSPHATE. 



Constitaentt. 



Phosphoric acid 

Eqaivalent to bone phosphate of lime. 
Carbonic acid ,.. 

Eqaivalent to carboii it«) of lime 

Sulphuric acid 

Lime 

MagDeaia 

Alumina ». 

Sesquioxideofiron 

Fluorine 

Sand and silica 

Organic matter and oombiBed water 

ICrastim •• 



Percent. 



25.0 to 28.0 

55.0 61.0 

2.5 5.0 

5.0 11.0 

0.5 2.0 

35. 42. 

Traces 2.0 

Traces 2.0 

1. 4. 

LO 2.0 

4.0 12.0 

2.0 6.0 

0.6 4.0 
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Another table is given below, prepared by Maj. E. Willis of Oharles- 
ton, South Carolina. It shows the general composition of the South 
Carolina phosphates, and is based upon the analyses of several hundred 
shipments: 



BBSULTS OF AITALYSSS OF SEVBRAL IIXJKD'RISD 

FHOSPHATB. 



SHIPHENT8 OF SOUTH GAXOLIKA 



ConstitiieAta. 



Pwoanl* 



Photpboric aoid 

SSqoiyalent to bone phosphate of lime 
CSarbonio acid 

Equivalent to carbonate of lime 

Snlphniio aoid 

Lime 

Magnesia 

A liiiniiiA 

Sesqniozideof iron 

Fluorine 

Sand and silioa 

Organio matter and combined water 

MmsIuts 



28.0 to 29.0 
07.0 63.0 



2.6 

6.0 

0.6 

86.0 

Traoes 

Traoes 

LO 

LO 

AO 

2.0 

a6 



6.0 

ILO 

2.0 

42.0 

2.0 

2.0 

8.0 

2.0 

12.0 

e.0 

AO 



It may be of interest to know the average composition of some of the 
most important phosphates from countries other than the United States* 
Dr. Wyatt, in his Phosphates of America, gives such a table, and it is 
here reproduced: 

AVESAGB COMPOSinOir OF PHOSPHATES FSOM OOmflTTBIKS OIHEB THAN THE 

UNITED STATES. 



























Bel- 


OomstltiiJNits. 


Span- 
ish and 
Portu- 
guese. 


Na^ 
▼assa. 


Ara- 
ba. 


Cura- 
9ao. 


Ger- 
man. 


French 
Arden- 
nes. 


MSTll- 

lones 
guano. 


Cam- 
bridge 
oopro- 
Utes. 


Nor- 
way 
apa^ 

tites. 


Bus- 

copro- 
Utes. 


SommOf 
France. 


gian 
(aver- 
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cal- 
cined. 
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cent 


cent 


cent 


cent. 
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.47 
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A88 


&08 


L07 


2.17 
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ILOl 


2.40 


.86 
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Phosphorio 
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82.36 


81.68 


82.00 


30.62 


20.99 


23.46 


38.70 


26.85 


42.84 


27.48 


86.70 


20.60 


Ume 


47.28 
8.20 


88.00 
2.40 


43.06 
6.80 


60.04 
7.66 


42.20 
4.16 


40.48 
A83 


28.00 
8.70 


42.96 
7.06 


6L63 


43.00 
A60 


61.20 
4.10 


62.60 


Carbonic aoid. 


6.65 


Oxide of iron.. 


1.93 


A26 


3.06 


traoes. 


6.16 


2.97 


I 


A 16 




8.40 


L40 


|l8.61 


Alumina 


1.03 


8.81 


2.20 


.46 


.12 


2.15 


[a 8. 01 


8.01 




LOO 


.70 


Sulphuric aoid 


traces. 


\ ^^® 


traces. 


traces. 


traces. 


1.30 


.76 


6.20 


1.04 


.76 




Fluorine 


2.87 


.72 


traoes. 


1.71 


.94 


1 


1.16 




.47 


1.02 




Insoluble sili- 


























oious matters 


6.68 


3.00 


2.11 


.62 


18.24 


18.68 


A68 


10.41 


 


18.82 


1.20 


2.60 
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100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 
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of lime 


70.66 


60.86 

1 


60.76 


80.87 


66.40 


6L22 


78.46 


68.53 


02.80 


60.97 


78.60 


46.80 



a Various undetermined. 



These per cents, may be compared with those of the South Carolina 
product, immediately preceding, and with those of the Florida product 
as shown in Chapter I of this report. 



CHAPTER IIL 



GENERAI STATISTICS OF THE PHOSPHATE INDUSTRT. 
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CHAPTER m. 

QSHESAL STATISTICS 07 THE PHOSPHATB IHSirSTBT. 

Nearly aQ the statistics used in this chapter have been collected by 
the Department of Labor firom original sonrces. As stated in the ear- 
lier x>art of this report, many obstacles existed in the way of perfect 
statistical information. Whereyer these obstacles have ultimately pre- 
vented a fairly complete and accurate statement from being made, 
explanations are given. At the close of this report will be found two 
tables of statistics relating to the cost of production of phosphate. 
Table I is entitled, Oost of Production of Phosphate in the United 
States, 1890-1892 — ^Land Mines. The facts in this table are grouped in 
sub-tables as follows: 

A. — Period covered and qaantity of product. 

B. — General description, capital inTested, etc 

C. — ^Distance, means, and coet o£ transportation. 

D. — General statement of oost for the period. 

E. — ^Elements of eost in one ton of 2,240 pounds. 

F. — Per cent, of each element of cost in one ton of 2,240 pounds. 

G. — Additional cost of certain theoretical elements for the period. 

H. — ^Additional cost of certain theoretical elements in one ton of 2,240 pounds. 

J. — ^Bates of wages. 

Table n is entitled, Cost of Production of Phosphate in the XJnited 
States, 1890-189^— Biver Mines. The facts collected under this table 
have been grouped in like sub-tables as stated for Table L 

The period taken for this investigation has invariably been the last ob- 
tainable complete fiscal year of each mine investigated. The years have 
not always been contemporaneous in all the mines, because conditions 
were such that this feature could not be observed; but only one year's 
production or the facts for one year have been stated in the table. It 
was found impossible to flx an arbitrary date and ask the proprietors of 
all mines to bring their statistics^ information to conform to that date. 
Of late years it has been found that in collecting statistics of produc- 
tion it does not matter materially whether the exact period of time by 
the calendar is observed for all establishments, but that a like period as 
to time covered should be observed. For instance, it does not matter 
in securing the aggregate production in an industry, whether the year 
for each particular establishment closes on the 31st of March, or 
whether the year closes on that date for one establishment and for 
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another eBtablishment a month earlier or a month later, etc, the point 
being to cover one year's conditions only for each establishment. As 
a role, however, it will be found that the facts given in the two gen- 
eral tables described are for the year closing nearest to Dec^nber 31, 
1892. 

These tables comprehend for the state of Florida, 88 land mines and 
18 river mines, or 106 mines for the state; 1 land mine for Korth Car- 
olina; and 23 land mines and 7 river mines for the state of South Oar- 
olina, or a total for the latter of 30 mines, the whole number of mines 
considered being 137. In the phosphate industry production is usuaUy 
measured by tons of 2,240 pounds, while sales or consumption are 
measured by tons of 2,000 pounds. From the general tables it is found 
that the total amount of phosphate mined by the 137 mines considered 
was 1,231,703 tons, having a value at the mine of $7,153,141. The United 
States census office informs the Department that the preliminary totals 
for the phosphate industry of the country show for 1890 a production 
of 1,225,062 tons of acid phosphate and mineral phosphate fertilizers, 
valued at (22,308,473; 274,644 tons of fertilizers from raw bone, valued 
at $6,616,825; and 318,846 tons of other fertilizers, valued at $5,113,154, 
or a total of all classes of fertilizers of 1,818,552 tons, valued at 
$34,038,452. In furnishing this information the census office officials 
wish it to be understood that the data are preliminary and subject to 
such revision as may be found necessary upon receipt of further infor- 
mation. The only object of using this information in this place is to 
show the harmony of results relative to the total production of phos- 
phate fertilizers in the United States as exhibited by the census and 
by this special investigation. 

Of the total production, as- shown by Tables I and 11, given at the 
close of this chapter, 1,033,409 tons were shipped from the mines. 

The number of acres controlled for mining purposes in Florida is 
179,848; in North Carolina, 2,500; and in South Carolina, 69,790, or a 
total of 252,138 acres. The miles of river controlled for mining pur- 
poses in Florida are 163^ in 15 mines, 3 mines not reporting; and in 
South Carolina, 7 in 1 mine, 6 mines not reporting, or a total of 170^ 
miles in 16 mines, 9 mines not reporting. 

The total capital invested in plant in Florida is $2,140,582, and 
in land, $11,346,067; in Ilorth Carolina the plant is represented by 
$2,000 and the land by $100,000; in South Carolina the plant is worth 
$2,563,200 and the land $2,920,000. The capital invested, then, in 
plant (the facts not being given for five mines) is $4,705,782, and in 
land (the facts not being given for sixteen mines) $14,366,067, or a 
total of $19,071,849 invested in the phosphate mining of the country. 

The total average number of employes engaged in the production of 
phosphate is 9,175. This, however, does not include all the labor in 
one mine and the skilled labor in two mines, these facts not being r^ 
ported. The total expenditure &r labor for the period covered was^ in 
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Florida, t881,711; in North Oarolina, |1,215; and in South Carolina, 
$1,590,689, or for the whole, $2,473,615. In this amount is included, in 
three mines, the expenditure for o£Qcials and clerks, which was given 
by the proprietors, but who declined to separate the amounts. It makes 
no appreciable difference, however, in the grand total. 

The average yearly earnings of employes engaged in production in 
the land mines of Florida are $211, and in the river mines $347; in the 
land mines of South Carolina, $287, and in the river mines of that state, 
$378 ; in Korth Carolina the earnings of the employes are now, on an 
average, $68 per annum. The average in Florida, for both land and river 
mines, is $225, and in South Carolina, $303, or for the whole industry, 
$270 per annum. 

These details, drawn from the two general tables described, are 
shown in tabular form, with notes of modifications, omissions, etc., as 
follows: 

QUAirriTY AKB VALUE OF MOSPHATE MINED, ACBBS COKTBOLLED, CiEPITAL 
INVESTED, AND NCTMBBB AND WAGES OP EMPLOYES. 



Locality and 

number of 

mines. 



Florida: 
88 land minea. 
18 river mines. 

Total... 

Jf. OaroUna: 
1 land mine.. 

B. OarcUiui: 

331«Ddminea. 

TziTorminea 

Total.. 

Grand total... 



Fhoaphftte minod. 



Quanti- 
ty (tons 
of 2,240 
pounds). 



532,027 



Valne at 
mine. 



Qn«n- 

tity 
■hipped 
(tons of 

2,240 
ponnda). 



871,19012,186,153 
160,837 635,696 



2,821,848 



700 



8,800 



420,976 2,641,002 
260, 000 il, 686, 500 



•98,976j{4,828,492 



1,231,703 



17,153,141 



268,718 
151,715 



Controlled 
for mining 
pnrpoaea. 



Aorea. 



179,848 



420, 433:170, 848 



700 



879,276 
233,000 



612,276 69,790 



2,500 



60,790 



Milea 

of 
liver. 



•163| 



al63| 



SI 



i7 



1,033,409252,138 



ml70i 



Capital Invested In— 



Plant 



an,329, 582 &|9, 600,067 
• 811,000 al, 746, 000 



/2, 140, 582^11, 846,067 



8,000 



1,272,000 
1,291,200 



2,568,200 



/4, 705, 782 



100. oco 



Ezpendi- 

tore for 

labor. 



0|737,667 
144,154 



0881,711 



/2, 866, 000 el, 230, 491 



Employte 
engaged 
Inprodno 
ti< 



no- 



Lon. 



Aver> 

nnm 
bar. 



age 
year* 

ly 

eani< 
inga. 



d3.499 
416 



d3,015 



1,815 18 68 



At^ 



$211 
347 



55,000 



/2, 920, 000 



« 351, 198 



U, 500,689 



nl4, 866,067 02, 478, 615 p9,175 270 



A4.314 
A 028 



15,842 



287 
878 



803 



•Not including 3 minea not reiK>rting. 

6 Not including 8 minea not reporting. 

9 Including the expenditures for offioiala and elerks in 1 mlma. 

d Not including 1 mine not reporting. 

• Not including 2 minea not reporting. 
/Not including 5 mines not reporting. 

{Not including 11 minea not reporting. 
Not including akilled labor in 1 mine not reporting. 
i Not including 1 mine with a product of 600 tone not reportui|^ 
4 Not including 6 mines not reportine. 

c Including the expenditnres for offidals and clerks in 2 mines. 
I Not including skilled labor in 2 minea not reporting. 
mNot including mines not reporting. 
nNot including 16 mines not reportiujg. 

• Including the expenditures for officials and clerks in 3 mines. 

p Vol Ipfllnding all labor In 1 mine and akilled labor in 2 minea not npovtlngi 
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THE COST OP PEODUOTION . 

It has been exceedingly difficult to secure the cost of producing 
phosphate in the vaiions localities given to its production. From the 
general tables, however, some summarized £Bkcts are obtainable, and 
these fiftcts are given for land mines in the three states engaged in the 
industry in the following brief summaries: 



SUlOiABY OF COST OF PHOSPHATE IK SEVZNTT-OKX LAin> HUrSS JN FLOBIDA. 

[This BiunmarT is draim firam sab-tables A to G, pacss 110 to 128. The estftbUshments ooTored «re 
mimben 1 to 3, 6 to 9, 11 to 15. 17 to 26. 28 to 37. 89 to 22, 44, 45, 48, 50, 52 to 66, 57, 59 to 83, 65 to 72, 74 
to 85, 87, 88, being all the land mines in Florida from, which oooiplete reports of costs have been ob- 
tained. The periods oorared are twelve months and are in the years 1890, 1891, and 1882.] 



XlsmBnts of ooai* 



Labor 

Officials snd clerks. . 
Supplies and repairs 

Total 



Tons of 2,240 ponnds. 



CkMtof 

979,499. 



1684,748 

84,622 

U7,09S 

14,936 



741,901 



Averaee 

eost<n 

one. 



$L878 
.302 
.421 
.053 



2.654 



STJMMABT OF COST OF THEOBOTICAL ELEMENTS HfT THE ABOVE. 

[Nineteen establishments gave the amount paid for insnranoe i iifty-two reported that there waa na 
ezpenditare for insurance. Six establishments gare the amount paid for interest; sixtr-il've reported 
that there was no expenditure for interest. Two establishments gave the amount of aeprecianon of 
Tslue of plant; sixty -nine rexwrted that there was no depreciation. Nine establishments gave the 
amount paid for royalty to owners of the soil ; sixty -two reported that there was no expenditure for 
royalty to owners of the soiL Twenty -fiTe establishments gave the amount paid for transportation to 
place of free delivery ; forty-six reported that there was no expenditure for transportation to plaoe of 
free delivery. The aggregates entered in the first column below are, of course, apportioned In the aeo> 
ond column among the whole seventy-one establishmfints.] 



Elsmsnts of ooat* 



Insurance 

Interest , 

Depreciation of value of plant 

Royalty to owners of the soil 

Transportation to plaoe of free delivery 

Total 



Tons of 2,240 pounds. 



Cost of 
279,499. 



r.888 

11,639 

6,650 

19,200 

600,031 



645,498 



Average 

cost of 

one. 



$0,028 
.042 
.024 
.009 

a 2. 802 



2.965 



• Based on 214,155 tons, the quantity aotnally shipped. 

SUMMABY OF COST OF PHOSPHATE IN ONE LAND MINE IN NOBTH CABOLINA. 

[This tummaiy is drawn from sub-tables A to O, pages 110 to 128. The establishment covered is num- 
ber 89. The period covered is for twdve months and is in the year 1892.] 





Tons of 2,240 ponnds. 


Elements of oost. 


Cost of 
700. 


Average 

C0St(^ 

one. 


Labor 


$1,215 
890 
500 
125 


$1,736 
.557 
.714 
.179 


Officials snd derks 


Supplies and repairs "III"I"*. 

Taxea 


Total 


2^280 


8.186 
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This establishment reported that there was no expenditure for in siu> 
ance, interest, royalty to owners of the soil, tran8x>ortation to place of 
firee delivery, and no depreciation of value of plant. 

ST7MHABY OF OOST OF PHOSPHATE IN TWENTT-TWO LAND MINXS IN SOUTH CAfiO- 

LINA. 

[This STnnmnry is drawn ftrom sub-tables A to G, pages 110 to 123. The establishments oorered are 
munbers 90 to 111, beine all the land mines in Soath Carolina from which complete reports of costs 
hare been obtained. The periods covered are twelve months and are in the years 1890, 1891, and 1892.] 



Elements of oost. 



Labor 

Officials and clerks. . 
Snpplies and repairs 
Taxes 

Total 



Tons of 2,240 pounds. 



Cost of 
801,676. 



$1,006,491 

60,068 

199, 078 

14,663 



l,860,ld8 



Areraee 

cost M 

one. 



$2,706 
.163 
.600 
.037 



3.407 



SUMMARY OP COST OF THEORETICAL ELEMENTS IN THE ABOVE. 

[Seventeen establishments gave the amount paid for insorance; five reported that there was no ex- 
penditure for insurance. Two establishments gave the amonnt paid for interest; twenty reported 
that there was no expenditure for interest. Twenty-two establisiiments gave the amoufkt of depre- 
ciation of value of plant. Five establishments gave the amount paid for rovalty to owners of the 
soil ; seventeen reported chat there was no expenditure for royalty to owners of the soil. Three estab- 
lishments £ave the amount paid for transportation to place of free delivery ; nineteen reported that 
there was no expenditure for transportation to place of free delivery. The aggregates entered in the 
first column below are, of course, apportioned in the second column among the whole tweni^-two estab- 
lishments.] 



Elements of cost. 



Insurance 

Interest 

Depreciation of v^ue of plant 

Royalty to owners of the soil 

Transportation to place of free delivery. 



Total 



Tout of 2,240 pounds. 



Cost of 
801,676. 



$4,920 

1,490 

114,640 

33,830 

al64,000 



308.780 



ATeram 

oostm 

one. 



$0,013 
.004 
.293 
.086 

• .447 



.843 



a Based on 344,276 tons, the quantity actually shipped. 

In the examiDation of the foregoing summaries it will be fonnd that, 
taking the total cost in Florida for the 71 mines covered by the sum- 
mafy, which includes labor, oificials and clerks, supplies and repairs, 
and taxes, the average cost per ton, as shown by the cost, for 279,499 
tons, is $2,654:. Adding to this the cost of insurance, interest, deprecia- 
tion of value of plant, royalty to owners of the soil, and transportation 
to place of free delivery, averaging $2,965, it is found that the average 
total cost of a ton is $5,619 in Florida. The table giving the facts for 
22 land mines in South Carolina shows that the average cost of 391,576 
tons, for labor, officials and clerks, supplies and repairs, and taxes, is 
$3,497, while the additional, or what has been called the theoretical 
elements, consisting of insjirance, interest, depreciation of value of 
plant, royalty to owners of the soil, and transportation to place of free 
delivery, is $0,843 per ton on an average, or a total cost in South Caro- 
lina for phosphate from land mines of $4.34, as against $5,619 per ton. 
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OB an average, in Florida. Where this difference ooeois will be easily 
seen by reference to the sommaries just given. The cost of labor Ib 
mining in South Carolina is greater than in Florida, it being on the 
average $2,798 per ton, as against 11.878 on the average in Florida, 
while the cost of transportation in Florida is $2,802 per ton, as against 
$0,447 in South Carolina. The South Carolina mines are more accessi- 
ble than those in Florida, a £Eust which accounts for this great differ- 
ence. One might inquire, then, why it is that the Florida phosphate, 
costing $5,619 per ton on the average at the place of free delivery, 
against a total cost of $4.34 per ton on the average for the South Caro- 
lina phosphate, secures a market along with the South Carolina prod- 
uct. The answer is that, while the cost is greater, the percentage of 
purity or of utility of the Florida product is much greater than that of 
the South Carolina product, as shown in the tables giving the analyses 
of the phosphates in the two states in the respective chapters devoted 
to them. 

Looking at the cost of production in river mines, the general tables 
furnish the following summaries: 

SUHHABY OF COST OF PHOSPHATX OT TWELVE SIVBB MUrSS EET TLOBIDA. 

[This summary is drawn l!rom snb-tables A to G-, pag«s 132 to 135. The establishmento eorerad are 
numbers 1,4,5,7,9, 10, 13 to 18, beine all the riyer mines in Florida from which complete reports of 
costs have been obtained. The penods coYCired are twelre months and are in the years IwO, 1891, 
and 1892.] 



nemants of Mil 



Labor 

OflBciaU and clerks. . 
Supplies and repairs. 

Taxesw 

Boyalty to the state . 



Total. 



Tons of 2, 240 pounds. 



Cost of 
98,787. 



$93,837 

88,187 

48,373 

2,164 

a 5, 771 



183,182 



Ayeram 

oostof 

one. 



10.990 
.407 
.463 
.023 

• .062 



L964 



a Ten establishments report haying paid no royalty; the right of the stete to demand royalty ftom 
persons mining nnnayigable streams oeing now m litigation. 



SUMMARY OF COST OF THBOBETICAL ELEMENTS rST THE ABOVE. 

[Ten estabUshmente gaye the amount paid for insurance; two reported thai there was no expondl- 
tnre for insurance. Two establishments gaye the amount paid for intorest; ten reported that there 
was no expenditure for interest. Three establishmento gftTC the amount of depre<nation of yalue of 
plant; nine reported that there was no depreciation. Seven establishmento gave the amount paid 
for transportation to place of free dellyery; five reported that there was no expenditure for trans- 
IK>rtotion to place of nee delivery. The aggregates entered in the first column b^ow are, of oourae, 
apportioned In the second column among the wnole twelye eatoblishmento.] 



Xlemento of ooal 



Interest 

Depreciation of value of plant 

Transportetion to place of free delivery 

TMH 

• BMod upon the actual nnmber of tons ahispod. 



Tons of 2,240 pounds. 



Cost of 
98,787. 



♦4,960 

1,100 

6,400 

^240,059 



262,619 



Ay 
eosto 
one. 



#9.068 
.012 
.068 

a2.e91 



%9U 
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SUHHABY OF COST OJT PHOSPHATE US FOXTB KIYEB KINES OT SOUTH CABOLtETA. 

[This smnmaEry U dmwn from sub-tables A to O, paffM 132 to 186. The establishmeiitfl eorered airs 
numbers 19 to 22, beingall the river mines in South Csrolina from irhieh complete leports of costs 
hsTO been obtsiiied. The periods eorered sxe twelTS months and are in the years 1890,1891, and 1892.] 



SkoMnts of eosi. 



Labor 

Officials and derks . 
Supplies and repairs 

Taxes 

Boysltj to the state 

Total 



Tons of 2,240 pounds. 



Cost of 
119,000. 



$U3,780 

10,400 

83,615 

8,385 

119,000 



280,186 



ATeracs 

cost ra 

one* 



10.966 

.087 

.283 

.029 

1.000 



2.865 



gUMKABY OF COST OF THBOBXTICAL BLEMENTS IN THE ABOVE. 

[Two establishments save the amonnt i»aid for insurance; two reported that there was no expendi- 
ture for insoranoe. Each of the four establishments reported that tnere was no expenditure for inter- 
est and transportation to place of free dcdiTery, and eaon gave the amount of depreciation of value of 
plant. The affgreeates entered in the first column below are, of course, apportioned in the second ool- 
umn among we whole four establishments. J 



Xlsmsnts of oost. 



Insuranoe 

Interest 

Depreciation of value of plant 

Transportation to place ox free delivery 



Tons of 2,240 pounds. 



Cost of 
119,000. 



$1*126 



Averago 

coetM 

one. 



$0,009 



16,250 



.137 



Totsl 



17,876 



.146 



Observing the same divisions as to elements of cost as were observed 
in the consideration of land mines, it is found that in Florida^ for all 
river mines, covering 93,737 tons, the average cost of one ton is 91.954 
for laborj officials and clerks, supplies and repairs, taxes, and royalty 
to the state. The total cost must be increased, however, by the addi- 
tion of insurance, interest, depreciation, and transportation, which 
amount to $2,824, or a total of $4,778 for phosphate from river mines 
in Florida. In South Carolina the total cost is $2,501, and, as in the 
case of the land mines, this large difference in cost is caused by the 
wide difference in cost of transportation to place of free delivery. 

In making up Tables I and II and the summaries of cost therefrom, it 
has been thought best to divide the elements of cost into two specific 
sections^ the first, that relating to labor, of&cials and clerks, supplies 
and repairs, taxes, and in river mines royalty to the state, comprehend- 
ing fixed, absolute, univeisal elements of cost that all mines must bear, 
and the other section embracing what have been called theoretical 
elements, comprehending insurance, interest, depreciation of value of 
plant, transportation to place of free delivery, and in land mines royalty 
to owners of the soil. These latter elements have been called theoret- 
ical because they are not universally fixed charges, but charges that 
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vary according to location, according to the ideas of proprietors as to 
insurance, and according to the interest paid in different places and 
the costom of proprietors in charging interest. These elements have 
been grouped in different sections, as stated, simply as a matter of 
statistical integrity. They have been given in fall, that all the 
elements of cost may be readily observed. The details for each estab- 
lishment reported, from which these summaries are drawn, are given 
in the long tables I and II, under the various sub-tables, to which 
reference can be made to ascertain the great variation in all the differ- 
ent items of elements of cost of the production of phosphate. The ele- 
ments showing the greatest variation are those of labor cost in mining 
phosphate and in transportation. In tlie first instance the variation 
occurs on account of the varying conditions attending the mining. The 
widest differences are shown in the Florida land mines, as compared 
with the South Carolina land mines. This results from the fact that in 
Florida the country is undulating, the depths at which the phosphate 
is found varying so greatly as to make it impossible to establish even 
an approximately uniform cost x>6r ton, while in South Carolina the 
phosphate mines are located on comparatively flat lands, the overbur- 
den being more even in depth. The variations in all land mining, how- 
ever, are greater than those attending river mining. A study of sub- 
table £, in the two tables I and II, in this chapter, discloses the varia- 
tions attending different localities, for the labor cost is given for each 
separate mine. As to transportation, the variation takes placCi of 
course, relative to distances. 

THE SHIPMENT AND CONSUMPTION OF PHOSPHATE. 

The shipment of phosphate clearly indicates its consumption. Effort 
has been made to secure the shipments of phosphate from the two 
principal sources of supply, and with success. The figures have been 
taken from original sources. The first of the two tables following shows 
the shipments of South Carolina phosphate from 1867 to 1892,inclusivey 
in tons of 2,240 pounds, from the two principal ports of South Carolina, 
Beaufort and Charleston. The second table exhibits the total ship- 
ments to foreign and domestic markets from the same state and the 
total annual consumption from 1867 to 1892, in tons of 2,240 pounds. 
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SHIPliENTS OF SOUTH CAROUKA PHOSFHATB 7B0M 1M7 TO IBM. 



[Torn of 2,240 pounds.] 



1887. 

1868. 

1809. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879 

1880. 

1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 



Total 



Beftufort— 



To foreign 
niArketa. 



1,980 

28,431 

17,540 

24,600 

44,857 

44,617 

50,834 

73,923 

100,619 

97,799 

47, 157 

62,600 

89,581 

94,789 

132, 114 

112,000 

163,409 

190,000 

185,850 

137, 102 

171,106 

121, 360 

120,058 



2,102,826 



Todomestio 
markets. 



664 

6,064 

8,180 

4,765 

10,500 

7,000 

9,400 

6,285 

8,217 

8,618 

13,346 

65,895 

57,645 

36, 175 

84,711 

32,000 

14,600 

15,906 

29,834 

60,000 

49,890 

42,846 

40,602 



5^,142 



MannfJM- 

tared ftt 

homo. 



5,900 
12,000 

9,000 
13,000 
12,000 
15,000 
16,000 
16,000 
16,000 



114,900 



Oharleston— 



To foreign 
marketa. 



208 

8,760 

13,652 

14,093 

15,628 

2,435 

7,688 

26,929 

26,431 

28,844 

21,123 

21,767 

14,218 

8,568 

22,905 

28,251 

21,495 

11,490 

6,800 

9,700 

8,800 

5,900 

48,716 

6,438 

4,396 



872,286 



Tedomeatio 
markets. 



6 

11,654 

24,511 

40,099 

16,848 

25,955 

27,403 

31, 930 

25,560 

28,831 

40,768 

60,729 

62,281 

94«012 

91,929 

111,314 

150,545 

187,700 

161, 700 

187,000 

182,000 

208,000 

248,643 

201,046 

252,305 

202,340 



2,665,104 



ICannfao- 

tared at 

home. 



12,000 
10,000 
15,000 
16,000 
19,680 
18,850 
15,000 
17, 635 
18,900 
22,040 
88,142 
42,900 
42,000 
51,000 
55,000 
60,000 
70,000 
75,000 
75,000 
100,000 
185,000 
165.000 



1,074,147 



SHIPMBNTS Am) CONSITMPTIOlir 07 SOUTH CAROLINA PHOSPHATE VfiOH 1867 TO 

1892. 

(Tona of 2,240 ponnda.] 



1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 



Total. 



Shipped 
to foreign 
markets. 



208 

8,760 

15, 632 

42,524 

33,168 

27,035 

52,546 

70,546 

76,265 

102,767 

121, 742 

119,566 

61,375 

71,168 

112,486 

123,040 

153,609 

123,490 

160,209 

199,700 

189,650 

143,002 

219,822 

126,796 

124,454 



2,474,661 



Shipped 

to domestic 

markets. 



6 

11,664 

24,511 

40,763 

21,907 

29,135 

82,168 

42,430 

82,560 

88,231 

47.053 

68,946 

60,899 

107,358 

157, 824 

168, 959 

186,720 

222,411 

193,700 

201,600 

197,905 

237,834 

808,643 

250,936 

295,151 

242,942 



3,222,246 



Mannfao- 

tared at 

home. 



12,000 
10,000 
15,000 
16,000 
19,680 
18,850 
15,000 
17,635 
18,900 
22,040 
38,142 
42,900 
42,000 
66,900 
67,000 
69,000 
83,000 
87,000 
90,000 
116,000 
151,000 
181,000 



1,189,047 



Total do- 
mestio con- 
samption. 



6 
11,654 

24,511 

40,763 

83,907 

39,135 

47, 168 

58,430 

52,240 

67, 081 

62,053 

86,581 

79,799 

129,398 

195,966 

211, 859 

228,720 

279, 311 

260,700 

270, «00 

280,905 

324,834 

308,643 

366,936 

446,151 

423,942 



4,411,293 



Total con- 
samption. 



6 

11,862 

28,271 

56,395 

76,431 

72, 308 

74,203 

110, 976 

122,786 

133,346 

164,820 

208,323 

199,365 

190,773 

267, 134 

324,345 

851, 760 

482, 920 

884,190 

430,809 

480,605 

514,484 

541,645 

586,758 

572, 949 

548,396 



6,885,864 



The shipments of Florida phosphate through the United States 
custom-houses for the years ending December 31, 1891, and December 
31, 1892, are given in the following brief statementa. The computa- 
20616 7 



98 



SPECIAL REPORT OF THE COMMISSIONER OF LABOR. 



tions haye been made on the basis of the long ton of 2,240 pounds. As 
will be seen, the table shows the port of shipment and kind of phos- 
phate 8hipi)ed. It also shows the number of tons sent to foreign smd 
to domestic markets. The figures given have been taken from the 
books of the costom-honses : 

SHIFliXNTS OF FLORIDA PHOSPHATE THROUGH THE UmTED STATES CXTSTOK- 

HOUSBS FOE THE YEAR ENDINO DECEMBEB 31, UOl. 

[Tons of 2,2iO poonds.] 





Hard rook. 


Elver pebble. 


Land pebble. 


TetaL 


PortofaUpment. 


To 
domestic 
markets. 


To 

foreign 

marketa. 


To 
domeatio 
markets. 


To 

foreign 

markets. 


To 
domestic 
markets. 


To 

foreign 

markets. 


To 
domestic 
markets. 


To 

foreign 

nuffkete. 


Femandin* ....... 


2,116 


50,813 










2,116 

19,004 

6,072 

2,880 


60,313 

35,855 


10,004 
4,122 
1,780 


35,855 
3,200 






TA-mnft 




14, 170 


050 




17,370 


Jacksonville 


000 






2,380 
7,230| 








2.380 


fia.iro.TiTi a.li 














7,230| 


ONVIUlllaaJi* ..•••...• 














Total 


2. 716 71. ooa^ 


24,006 


30,056 


050 




28,061 


113,1481 




• -1 ^^^m 





As will be seen, the total shipments of Florida phosphate to foreign 
markets aggregated 113,1^^ tons, while the shipments to domestic 
markets aggregated only 28,661 tons. The total amount shipped through 
the custom-houses during the year to both domestic and foreign mar- 
kets was 141,809^ tons. 

SBIPliENTB OF FLORIDA PHOSPHATE THROUGH THE UNITED STATES GUSTOK- 

HOUSES FOR THE YEAR ENDING DECEMBER 81, 1882. 

[Tons of 2,a40ponnds.] 





Hard rock. 


Riyer pebble. 


Land pebble. 


Total. 


Portofshipmenl 


To 

domestic 
markets. 


To 

foreign 
markets. 


To 
domestic 
markets. 


To 

foreign 

markets. 


To 
domestic 
markets. 


To 

foreign 


To To 
domestio foreign 
nuurkets. | markets. 


Femandina 


6,658 


115,305 


"*26,'286' 
11,006 


6,002 
60,754 
15,707 






6,553 
25,286 
26,666 


120,387 

50,754 

51,483 

10,007 

7»338 


Panta Gorda...... 






Tampa 


1,025 


84,026 

10,007 

7.838 


14,545 


850 


Brunswick ........ 


Savannah.......... 






























Total 


7,678 


176,666 


36,382 


71,553 


14,645 


850 


58,605 


248,060 



For the year ending December 31, 1892, the total amount of Florida 
phosphate shipped through the United States custom-houses is seen 
to be 307,574 tons, 58,505 tons going to domestic markets and 249,069 
tons going to foreign markets. 

The following table shows the output of Florida phosphate for each 
of the years 1888, 1889, 1890, 1891, and 1892, and illustrates the growth 
and development of the industry. It is made up from actual ship- 
ments. The railway lines haul phosphate by the short ton of 2,000 
pounds, but their returns have been altered so as to agree with the 
custom-house reports, which are based on the long ton of 2,240 pounds. 
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The several railway lines are credited only with that which went inland 
or coastwise from their termini, without clearing. The oustom-hoase 
clearances account for the balance. Plate rock is included in the hard 
rock report: 

SHIPMENTS OF FLORIDA PHOSPHATE FROM 1888 TO 1893. 

[Tons of 2,240 poands.] 



Year. 



188$ 



1889 



1890 



1891 



How shipped. 



By rail, iBland. 
Total 



By rail, inland. 
Total 



Throttgb oostom-heiifle < 

Femandtna 

PuntaGorda 

Tampa 

Jacksonville 

Savannah 

By F. C. and P. R. R. and coastwise 

By J. T. and K. W. R. R. and coastwise. 
Used at home in raw state 



Hard 
rock. 



25 



25 



.| 9,438 



1892 



Total 



Through onstom-honae 

Femandina 

PuntaGorda 

Tampa 

Jacksonville 

Brunswick 

Savaanah 

By F. C. and P. R. R. and coastwise 

By S. F. and W. R. R. and coastwise 

^ J. T. and K. W. R. R. and coastwise. . 

Used at home in raw state 

Unclassified 



Total 



Through enstom-house at— 

Femandina 

PnntaGorda 

Tampa 

Brunswick 

Savannah 

By F. C. and P. R. R. and coastwise. 

"^ Plant system and coastwise 

By J. T. and K. W. R. R 

Used at home in raw state 

Unclassified 



782 

6,225 

900 



17, 345 



52,428 



14,170 
600 
2,380 
7,230^ 
8,129 
2,012 
893 



Land 
pebble. 



950 



500 



88, 342^ 



121,858 



Total 



35, 951 

19,097 

7,338 

6,768 

10, 757 

1,000 



250 



202,019 



1,725 
'260 



2,925 



River 
pebble. 



813 



813 



3,755 



3,755 



13,880 
1,800 
2,705 



14, 951 



33,336 



Soft phos- 
phate. 



200 
1,500 



1,700 



54,949 
7,322 
1,780 



13, 714 

"i.'soo' 



15,395 



1,700 
'""766" 



17,795 



79, 265 



5,092 
76,040 
26,803 



4,778 
"i3,'469 



126,172 



5,000 



240 
5,544 



10,784 



400 



869 

6,180 

892 



8,341 



Total. 



SIS 



813 



3,780 



3,780 



9,438 
13,880 

1,800 

2,705 
782 

6,225 
16, 051 

1,500 



52,381 



52,428 

54,949 

22,442 

2,380 

2,380 

7,2301 

13,129 

2,012 

16, 572 

5,544 

2,250 



181, 316) 



126,960 

76,040 

78, 149 

19,097 

7,338 

6,168 

10, 757 

8,347 

6,180 

15, 301 



354, 327 



SUMMARY OF SHIPMENTS OF FLORIDA PHOSPHATE FROM 1B88 TO 1893. 

[Tons of 2,240 pounds.] 



1888 
1889 
1890 
1891 
1892 



Year. 



Grand total 



Haxdroek. 



25 
17,345 
88,342) 
202,019 



Land peb- 
ble. 



807,7311 



2,926 

17,795 



20,720 



River peb- 
ble. 



813 

8,765 

33, 336 

79,265 

126, 172 



348,841 



Soft phos- 
phate. 



1,700 

10,784 

8,341 



20,825 



Total. 



813 

8,789 

52,381 

181, 316) 

354,327 



592, 6171 
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The most reliable data obtainable show the total consumption of 
mineral phosphate in the world for the year 1891 to have been 1,587^1^^ 
tons. France, which, next to the United States, is the largest pro- 
ducer, famished 400,000 tons, or 25.20 per cent., while the United States 
furnished 757,133^ tons, or 47.70 per cent. The phosphate industry, like 
other industries, has its seasons of buoyancy and depression, resulting 
chiefly from agricultural conditions. An estimate of probable con- 
sumption in the future, based upon that of the past, should therefore 
be made for x>eriods long enough to cover both bad and good years. 
With that in view, the following tables have been prepared, which show 
the increase in the shipments of phosphate from the mines of South 
Carolina, grouped by periods of five and ten years: 



IKORSASIIN SHXPHHrrS OF SOUTH GABOUKA PHOSPHATI, BY PBBI0D8 OF FIVB 

YSABS. 

[Toni of 2,840 pooadi.] 



Periods. 



1870 to 1874 
1876 to 1870 
1880 to 1884 
1886 to 1880 



QnantitT 
■Uppea. 



886,732 

827,056 

1,738,627 

2,436,616 



^oreate. 



441,223 
010,672 
606,080 



Per oent. of 
increase. 



114.00 

100.00 

40.00 



INGBEASB IN SmPMSNTS OF SOUTH CAROLIKA PHOSPHATl; BY PBBI0IX9 OF TEN 

YEARS. 

[Tone of 2,240 pounds.] 



Periods. 



1870 to 1870. 
1880 to 1880. 



Qnantltv 
Bhippea. 



1,214,687 
4,174,243 



Ittoresse. 



2,860,656 



Per oent. of 
inorease. 



243.66 



Whether the foregoing facts are considered by five-year or ten-year 
periods, they show a satisfactory increase in the consumption of phos- 
phate. The market has responded to the new discoveries, and a more 
abundant supply has stimulated demand by the lowering of prices. 
In addition to the amounts as shown in the brief tables preceding, 
Florida high grades are being taken extensively in lieu of that hitherto 
obtained from other countries. Already it is quite apparent that the 
. percentages of increase for the last five and ten year periods will, as 
applied to the next five and ten year periods, fall short of the present 
and prospective demand. Supplementing these statements, those fol- 
lowing, which are fully explained by the head-lines, are given as general 
facts relating to the industry: 
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THE WOBLD'S PKODUCTION OF PHOSPHATB. NOT INCLITDING THE 
STATES, FOB 1881, AS ESTIMATED BY MB. HEBMAlfN YOSS. 

[Tona of 2,240 ponncU.] 



UHIXSD 



CoantiiM prodadxig. 



France— Somme and Ardennes 

Wept Indies — Arai>a,etc 

Belginm— Mens and Liege 

Canada 

Crermany-^Lahn 

England (ooprolitee) 

Boaaia, Norway, and other oonntriea 

Total 



Quantity. 



400,009 
50,000 

200,000 
20,000 
40,000 
20,000 

100,000 



830,000 



THE W0BLD*8 CONSXTMPTIOK OF PHOSPHATE, NOT INCLUDING THE UNITED 
STATES, FOB 1891, AS ESTIMATED BY MB. HEBMANN VOSS. 

[Tona of 2,240 pounda.] 



Oonntriea conanming. 



Quantity* 



United Kingdom of Great Britain 

Germany 

France 

France (in the raw state) 

Belgium and Holland 

Other oonntriea 

Total 



800,000 
250,000 
150,000 
200,000 
75,000 
55,000 



1.080,000 



An estimate of the world's consumption, based on more accurate 
figures for the production and shipments of the United States than 
were accessible to Mr. Yoss, is given below. It should be borne in 
mind, however, that these figures are but estimates, though they are 
thought to be fairly accurate: 

THE WOBLD'S CONSUMPTION OF PHOSPHATE, INCLUDING THE UNITED STATES, 

FOB 1891. 

[Tona of 2,240 ponnda.] 



Oonntriea oonamning. 



Qnantltj. 



United Statea 

Oonntriea other than United Statea. 



517,187 
1,069,9461 



Total. 



1, 687, 133| 



THE CONSUMPTION AS INDICATED BY SHIPMENTS OF PHOSPHATE, MINED IN THE 

UNITED STATES, DUBING 1891. 

[Tona of 2,240 ponnda.] 



Where mined. 



lOBEION. 

Sonth Carolina 

Florida 

Total 

DOMBSnO. 

Sonth Carolina 

Florida 

Georeia 

North Carolina 

Total 

Graid total 



Qnanti^ 
ahipped. 


Ayerage 

price per 

ton. 


Value. 


126,798 
113, 148| 


16.50 
9.00 


1824,187.00 
1,018,336.50 


239,946^ 


7.68 


1,842,523.50 


446, 151 

68,168 

2,400 

468 


6.50 
7.00 
7.00 
6.50 


2,899,981.50 

477, 176. 00 

16,800.00 

3,042.00 


517, 187 


6.57 


8,896,999.50 


767,1331 


6.82 


6,289,523.00 
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TRI WOBLD'S FBODUCTIOlf 01* PHOSPHATE, XNCLUDUTG THB UNITSD STATBS, 

FOB 18n. 

(T«Bt ^ 2,240 pounds.] 



Cknmtfiea prodaclsg. 



Quantity. 



United States 

Countries other than United States 

Total 



767, 183| 
830,000 



1,587,133^ 



Permission has been given the Department to publish an extract 
from a letter written by Mr. Hermann Yoss, a recognized English 
authority of the highest standing, in October, 1891, and read at a con- 
venti<m of phosphate miners held in Ocala, Florida. The extract gives 
the prices per unit of phosphate in the English market for the past ten 
years, and is as follows: 

PBICBS PSB UNIT OF PHOSPHATB IN THB ENGLISH MABKET, 1883 TO U9L 



Year. 


South Carolina, 
55 to 60 per ct. 


Somme,70to80 
per cent. 


€aDadisii,80ta 
85 per cent. 


1882 


f0.28to$0.90 
.26 to .28 
.20 to .22 
. 18 to .22 
. 17 to .19 
.15 to .16 
.15 to .18 
.21 to .22 
.20 to .22 
.20 to .21 




$0.84 
.82 


1883 




1884 




#0.24 to .26 
.24 to .26 


1885 




1886 




.24 


1887 


|0. 21 to $0. 22 
.22 to .23 
.23 to .27 
.26 to .80 
.22 to .24 


.24 


1888 


.28 


1880 


.24 to .26 


1890 


.28 to .30 


1891 


.24 to .26 






Ayen^e 


.191 to .22 


.221 to .25i 


.241 to .27,V 





The average percentage of phosphate of h'me and the average price 
per unit, giving the average price per ton of 2,240 pounds in the Eng- 
lish market, based on Mr. Voss's table, will be as follows: 

AVBBAGB PBICE OP PHOSPHATB IN THE BNOLISH MABKET, 1882 TO 1801. 



Period, 1882 to 1891, incloslve, 



Average 
percentage 
of phosphate 

of lime. 



Sonth Carolina 

Somme 

Canadian 



Average 

price per 

unit. 




Average 

prioeper 

ton of £240 

ponnda. 



$12. Olf 
18.00 
21.401 



THB COMMEEOIAL ASPECT. 

A consideration of the growth of the manufacture and consumption 
of complete commercial fertilizers, in which phosphoric acid, the prod- 
uct of phosphate of lime, is an essential part, is important and within 
the scope of this investigation; but it has been dif[i<3ult to obtain accu- 
rate statistics of sales in different portions of the country. Bradatreet^s 
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for 1892 was able to give official reports from only 5 states, but the De- 
partment has secured from official sources the sales in 16 states in the 
Union, and is able to present the following table: 

AK17UAL COKSUMPIION 01* COMMEBGIAL FEBTILIZESS m YABIOUS STATES FROM 

1675 TO 1892. 







[Tons of 2,000 ponnda.] 










Steto. 


1876. 


1876. 


187T. 


1878. 


1870L 


1880. 


1881. 


1882. 


1888. 


AlAbamA ......•••....•...•. 


i 


















Conneoticiit ............... 




















Florida 




















Georffift .............••■••• 


48,648 


65,816 


75,824 


03,178 


85,049 


119,583 


152,424 


125, 327 


126, 377 
8,000 


Tndi Anft .......«-« 


KonliiickT ................. 


















JtOiilsiuiA .--- 




















New Jeraev 
















25,631 




New York ......••.. 


















Iforth OftToliuA ..ttt- 




















Ohio 




















PeilTlllTl'74Ulift .......••.*•« 




















South CAroIInft-rT-r-f ..T^.- 












86,449 


109,312 


94,817 


100,368 


TenneMee. ...... »... ..... . 










• 


Yirffinia •. 




















WeBt Yireinia 








































State. 


1884. 


1886. 


1886. 


1887. 


1888. 


1888. 


1890. 


189L 


1892. 


AlAbftma rr-^-r ...*T-r.*•-^-- 


47,651 


49,117 


46,406 


49,255 
16,700 


62,575 


71,605 


99,818 


115,785 


84,009 


C011IlftCt1flllt . .............. 




Florida 










12,194 
202,869 
19,300 
7,000 
10,220 
33,870 


31, 039 
288, 112 
29.000 
7,300 
11,120 
42,185 


35, 801 
306, 734 
26,750 
9,950 
11,371 
45,168 


36, 933 


Georsia. ............ ...... 


151,849 
6,900 


170, 158 
5,860 


160,705 
6,250 
1,820 


166,078 

"6,566* 

6,785 

32,624 


998,007 

10,000 

9,100 

8,199 

36,085 


196, 342 


Tndiftna ............ ....tt- 


35,000 


Kentuclr^. ..... ........... 


12, 050 


TiOUiiiaxta 






7,945 


Now JonO'T.. ...... ....... 


42,175 


34,003 


86,796 


50,795 


New York 


90,333 


North Carolina ........... 
















150,000 
18,924 


100,000 


Ohio 
















20,817 


P^niiMvlTaiil A ............. 
















128,000 


South Carolina............ 


101, 048 








125,792 


131,952 
6,688 


125,000 
8,613 


130,000 

13,763 

114,119 


110,000 


Tennewee 




.. .••... 




15,909 


Virginia 












142, 826 


West Yiririnia 
















25,000 























A Study of the foregoing figures dcYclops some interesting features. 
Taking the sales in Georgia for 18 years, in New Jersey for 10 years, 
and in Indiana for 9 years, the conclusion is that the increase has 
been common to the South, East, and West, CYcn with their widely 
diYcrsified crops and conditions. Thus it appears that phosphate is in 
demand for the cotton crop of the South, for the fruit and Yegetable 
crops of the East, and for the grain crops of the West. Another inter- 
esting feature is shown in the variation of the amount consumed in 
different localities. Looking at the figures for Georgia in the preceding 
table, it is found that there has been up to 1891 a Ycry steady increase 
in the use of phosphate, but that for 1892 the consumption fell off mate- 
rially. This is accounted for by the reduction in the cotton crop, a larger 
or a smaller crop being due to the amount of phosphate used, and when 
planters wish to reduce their crop they use less phosphate, CYcn when 
they cultiYate the same acreage. Korth Carolina shows a falling off 
also, and for the same reason s ; so, too, does South Carolina, and the same 
features are apparent when the figures for Alabama are considered. 
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Bat Florida, for its frait-raising purposes, increases its consamptioiL 
The quantities consumed, as given in the table immediately preced- 
ing for the states named, are really under rather than over the full 
consumption; for only fertilizers purchased from agencies and manufac- 
turers within the states named come under the operation of their laws 
governing the sale of phosphate. 

The value of phosphate if converted into superphosphate has been 
shown in the chapter relating to Florida. 

The following short tables show the shipments of phosphate for 
the years 1891 and 1892 from all the localities producing it: 

SHIPMENTS OF PHOSPHATE IK 1801. 
[TonB of 1,840 ponndi.] 



Stetofl prodnoiiig. 



Qnuitily. 



Value. 



South Carolina. 

Florida 

Greorffia 

KortE Carolina 

Total.... 



073, M» 
1S1,816| 
2,400 
468 



$8,724,188.50 

1,495,512.50 

16,800.00 

8,042.00 



7»7,IBS| 



6,238,623.00 



SHIPMEirrS OF PHOSPHATE IK 1888. 
[Tons of 2, 940 ponnda.] 



States prodndnf . 



Sonth Carolina 

Florida 

Georgia 

Korth Carolina 

Total.... 




ValoA. 



13,741,860.00 

3,687,054.61 

8,400.00 

2,800.00 

5,884,334.61 



The values given are at the ports. 

Of the foregoing, domestic consumers took 517,187 tons in 1891 and 
529,200 tons in 1892, which, converted into acid phosphate (in round 
numbers it would be equivalent to two for one), and valuing the super- 
phosphate at $10.50 per ton, gives the following results : In 1891, 517,187 
tons of phosphate converted into 13034,374 tons superphosphate, would 
give a total value of $10,860,927. In 1892, 529,200 tons of phosphate 
converted in 1,058,400 tons superphosphate, would give a total value 
of $11,113,200. 

The total for 1892, $11,113,200, must be considered the commercial 
value of the modern product of phosphate, the result of a new industry, 
and yet one that is taking an important place among the mining and man- 
ufacturing interests of the country. This statement, however, is tound 
by assuming that if the mineral phosphate consumed in the United States 
for 1892 had been converted into superphosphate it would equal 1,058,400 
tons; but in addition to this there were produced in 1891, according to 
the report of Mr. David T. Day, chief of the division of mining statistics, 
United States geological survey, 119,320 long tons of pyrites, used for the 
production of sulphuric acid, with which the phosphate is dissolved. 
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The annual report of the chief of the bureau of statistics for the fiscal 
year ending June 30, 1892, gives the following as among the imports of 
the country, all of which enter largely into the composition of manu- 
factured fertilizers: 

IMPOSTS EKTSBINQ INTO THE COMPOSITION OF MANUrACTUBBD FEBTILIZBBS. 

[Tons of 2.240 poondfl.] 



ArtiolM. 



Muriate of potMb 

Nitrate of potash 

Other potash products 

Nitrate of soda , 

Brimstone or omde solphiir 

Pyrites 

Bones 

Gnano 

Phosphate 

All other fertilisers 

Total 



Nnmher 
of tons. 


Value. 


81,527 


$1,094,122 


6,364 


435,839 


7,602 


504,959 


109,863 


2,976,816 


109,419 


2,524,406 


136,859 


504,897 


23,044 


845,668 


4,158 


61,264 


25,636 


162, 512 


71,030 


1,207,509 


525,301 


9.817,902 



In the above, domestic bones (raw and dry), blood, fish, scrap, cotton- 
seed meal, etc., all of which are largely utilized in the production of 
commercial fertilizers, are not included, but they would probably aggre- 
gate between 200 and 300 tons. These figures indicate that the produc- 
tion of commercial fertilizers for 1892 can not fall far short of 1,750,000 
tons of 2,240 pounds, and these fertilizers, delivered to the consumer at 
his nearest station, cost from $15 to $65 per ton, but they will average 
about $30, thus making a total cost of about $52,500,000 for the year 
1892 of the commercial fertilizers which had entered into consumption 
in this country. 

EOYALTIES. 

Boyalties are paid to the state of South Carolina in accordance with 
the quantity of phosphate mined. These royalties for the years firom 
1870 to 1892, inclusive, are given in the following table: 

BOTALTDES PAID INTO THE TEEASTTRY OP THE STATE OP SOUTH CAROLINA ON 

PHOSPHATE PROM 1870 TO 1882. 



1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 



Royalty. 



$1,989 
17,055 
22,502 
45,777 
57, 716 
57,969 
81, 912 
126.569 
97,700 



Year. 



1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 



Royalty. 



$98,586 
65,314 
124. 555 
140, 772 
126, 793 
163, 798 
176, 756 
196,090 
208,772 



Year. 



1888 

1889 

1890 

1891 

1892 

Total 



Royalty. 



1186,994 
212,102 
237,149 
185,000 
184,502 



2,805.971 



The state treasury has therefore gained immensely through the dis- 
covery of phosphate and the working of the mines. The people have 
had their taxes reduced from what they would have been by the amount 
of $2,805,971 during the period named, or the state has been enabled to 
use that amount in addition to its ordinary taxes for its improvements. 
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THE OPPORTUNITIES FOE LABOB. 

As shown iu the summarized table printed on page 91, it was seen 
that the average number of employes engaged in the production of phos. 
phate was 9,175, of which 3,915 were employed in Florida, 18 in North 
Carolina, and 5,242 in South Oarolina. The total amount of money ex- 
pended for the labor of this large number of persons was $2,473,615. 
This amount represents actual earnings, and the average earnings in 
the different mines for the different states for the period covered by the 
investigation, one year, are as follows: In Florida, for land miners, $211, 
and for river miners, (347; for land miners in North Carolina, $68; and 
in South Oarolina the land miners earned $287, and the river miners $378. 
The average for all classes for all the states considered was $270 per 
annum. The higher average earnings for river miners is due to the fact 
that more skill and experience are necessary in this class of mining than 
in land mining. Sub-tables J in Tables I and II, giv^i at the close 
of this chapter, show the rates of wages paid in each of the general 
occupations attending mining operations. Summarizing these, we find 
that the average wages paid in different occupations are as follows: 

SUMMABY OP BATES OF WAGES, BY OCCUPATIONS. 



OceapstloB. 



In 87 land minet in Florida. 



Blacksmith* 

Blaster 

Captain, dredge 

Carpenters 

Dredgemen 

Engineers 

Engineers, assistant .. 
Engineers, loGsmotiTe. 

Firemen 

Foremen 

Machinists 

Meclianics 

Mill hands 

Miners and laborers. . . 

Stablemmi 

Teamsters 

Washers 

Watchmen. 

Water boys 

Wlnohman 



In 1 land nUne in Kortk 
Oarolina. 

Miners and laborers 

In 88 land mines in South 
OaroUna (a). 

Blacksmiths 

Carpenters 

Chief engineer and me* 
chanic. 

Dipper tender 

Dampers 

Engineers » 

Engineer, exoavator 

Engineers, locomotire. . . . 
Firemen.. ................ 

Foremen ..«•• 

Laborers, railroad 

Maehinists 



Ayerage 
number 
of em- 
ploy^. 



11 
1 
1 

24 
8 

08 

U 
2 

U 
166 

10 
4 
2 
2,974 
4 
123 
9 

21 

49 
1 



It 



U 

IS 

1 

1 

41 
27 

1 
21 
89 
15 
24 

2 



Daayrate 

of pay, or 

averaga 

daily aaxn- 

ings. 



1.25 
8.831 
1.99 
1.25 
1.98^ 
1.201 
1.32| 
1.331 
1.93| 
2.45^ 
1.8U 
1.53i 
1.04 
1.16 
1.0S 
1.26 
1.13 
.58i 
1.60 



.76 



1.461 
1.88 

2.00 
.1.02 
2.27^ 
2.801 
1.82 
1.18i 
2.7^ 
1.00 
2.64i 



OoooifitaAom, 



In 88 land mines in South 
OaroUna (a)— Cono'd. 

Miners and laborers 

Sorters 

Trackmen 



lia IB rivor mwiM in 
Florida. 



Captains, dredge, eta. 

Carpenters 

Coo&s 

Dredgemen 

Dampers 

Elevator men 

Engineers 

Engineer, locomotiTe. 

Firemen 

Foremen 

Laborers 

Lightermen 

Machinists 

Mates 

Mill hands 

Koaslemen 

Oiler 

Pampers 

Teamsters 

Watchmen 



In 7 river mines in South 
Oaroliina <•). 



Captaio.tng 

Dampers 

Engineers , 

Engifieers, machinists, etc. 

Firemen 

Foremen 

Laborers 

Machinists 



Arerage 
nnmbir 
of em- 
ployes. 



4,090 

2 

20 



19 
8 
6 
9 
8 
4 

46 
1 
2 

27 

16 
228 

16 
4 
3 
2 
4 
1 
2 
6 

13 



1 
8 
14 
25 
9 
8 



Ctoflyvate 

of pay, or 
average 
daily 
inga. 



8 



$1,091 
LOO 



S.13i 
2.331 
.96 
L«3| 
L16| 
L2S 
2.26 
2.«iO 
L44 
L42 
2.03^ 
L22 
L14 
8.48^ 
L61 
L63| 
L86| 
L26 
LOO 
LOO 
L34| 



8.881 

LOO 
8.24 
8.26 
Llli 

8.831 

Lie 

a.«ii 



• Skilled labor not reported in one mine. 
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In addition to the amouDt paid in wages to the miners, all of whieh 
has been added to the economic condition in the states producing phos- 
phate, there has been quite a sum paid to longshoremen at the several 
ports for removing ballast and loading ships. This is estimated for 
1892, to be 944,802.45 for Sout^ Carolina, and for Florida, including 
the Brunswick and Savannah ports, $76,893.50, or a total paid for this 
class of labor of $121,695.95 in the year 1892. The wage cost of manip- 
ulating and loading the 529,200 tons of phosphate, which is shown to 
have been used in the United States, and which at the ratio of two to 
one would give 1,058,400 tons of superphosphate, would at an estimated 
average of $1.50 per ton give $1,587,600 in the year 1892. We have, 
then, as the addition to the wage-earning capacity in the phosphate-pro- 
ducing states for the year named the following items: 

Wages paid in the mines for the year 1892 $2,473,615.00 

Wages paidlongshoremen 121,695.95 

Wages paid for manipnlating and oonverting into superphosphate ... 1, 587, 600. 00 

Total 4,182,910.95 

It should be borne in mind that this large sum is due entirely to the 
new industry of phosphate mining and is a constant yearly addition 
to the economic force of the 3 states in which the industry is car- 
ried on. In addition to this, the laborer is the beneficiary of the wage 
cost of transportation, drayage, warehousing, and other handlings, 
which in the aggregate must amount to a very considerable sum. Of 
course labor's share growing out of this industry does not stop with 
these it^BS, for its share goes to the fields, includes the farmer in his 
multiplied crops, comprehends flour mills, tobacco &bctories, sugar 
refineries, and, most important of all, the cotton mills, where the 
greatly increased product through the use of phosphate is constantly 
increasing the demand for labor. All these elements add tens of thou- 
sands of dollars more to labor's share in the industry. This large addi- 
tion to the economic force of the states engaged in the industry will 
be still further increased through the continued opportunities for the 
employment of labor, while for the investment of capital the industry 
offers most excellent opportunities, the growing demand insuring, as it 
does, a profitable return, and the indestructible character of phosphate, 
which suffers no deterioration, loss, or damage from exposure to the 
elements, whether in the ground or out of it, makes it a safe invest- 
ment. These further opportunities are best illustrated by considering 
the quantity of phosphate in sight. 

The Department has taken the greatest pains to ascertain the future 
opportunities for labor by collecting information as to the amount of 
phosphate which it may reasonably be expected can be taken from the 
mines. Dr. Wyatt, in Phosphates of America, gives the lowest 
estimate for South Carolina, in round numbers, as 14,000,000 tons in 
sight. This estimate is based on the present rate of productioU| which 
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be thinks will extend over 28 years from 1891. Gapt. James F. Tacker 
of the Department of Labor, who has collected nearly all the material 
for this report, and who is thoroughly conversant with the conditions 
in Florida, estimates the quantity of phosphate in sight in that state to 
be 133,056,416 tons; and for North Carolina, Georgia, and other states 
1,000,000 tons. Gapt. Tucker has based his estimate not only upon the 
most careful personal observation of the whole field, but upon informa- 
tion drawn from conservative and skilled experts and others who, while 
interested in the state, are not interested in the business of phosphate 
mining, and, frirthermore, in many cases from actual measurements. 
His estimate, therefore, can be considered as conservative and below 
the real facts rather than above. The endeavor has been to avoid all 
the exaggerations which come from speculative estimates, and to secure 
only those judgments which are based upon absolute knowledge. These 
various estimates show a grand total of 148,056,416 tons of phosphate 
in sight, and exhibit better than any text statement can the friture op- 
portunities for the employment of labor in the phosphate mining indus- 
try of the United States. * ISTo discoveries of any considerable quantities 
of phosphate have been made during the past two years. Of course 
it is impossible to say what developments will take place in the future 
in the way of discoveries. The opportunities for labor, therefore, have 
been considered solely with reference to the existing conditions* 

GBNEEAL TABLES. 

The statistics of the cost of production and rates of wages relating to 
the phosphate industry of the United States are given in two tables, 
designated I and II. Table I relates to the land mines, and Table II 
to the river mines. Each table has nine sub-tables^ with titles as fol- 
lows: 

A. — Period covered and quantity of product. 

B. — General description, capital invested, etc 

C. — Distance, means, and cost of transportation. 

D. — General statement of cost for the period. 

£.— Elements of cost in one ton of 2,240 pounds. 

F. — Per cent, of each element of cost in one ton of 2,240 pounds. 

G. — ^Additional cost of certain theoretical elements for the period. 

H. — Additional cost of certain theoretical elements in one ton of 2,240 pounds. 

J. — Bates of wages. 

These tables are the ones referred to in the preceding part of this 
chapter, and from which many of the facts cited have been summa- 
rized. In Tables I and II the numbers given to establishments run 
consecutively, in Table I from 1 to 112, land mines, and in Table IJ 
from 1 to 25, river mines. The establishment numbers in each table 
represent the same establishments through all the sub-tables. For in- 
stance, in Table I the establishment designated as No. 2, in sub-table A, 
is the game establishment in each of the succeeding sub-tables. To use 
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the table, therefore, by studying the facts relating to establishment 
No. 2, land mines, as given in Table I, one would find in sub-table A the 
period covered and the quantity of product of that establishment. He 
would also learn that that particular establishment is located in Florida; 
that the facts collected are for the year ending December 1, 1892; that 
the mine was operated 120 days during that year; that it is a hard rock 
mine, the product having 80 per cent, of bone phosphate; that it pro- 
duced during the time named 1,500 tons of phosphate, of a value of 
$7,250 at the mine; and that out of the 1,500 tons mined 1,400 tons 
were shipped. Turning now to sub-table B of the same table, one 
would find for the same mine, establishment Ko. 2, that the average depth 
of deposit from the surface is 8 feet, the average thickness of the deposit 
being 25 feet; that improved appliances are used in operating the 
mine; that the deposits are found in pockets; and that the establishment 
controls for mining purposes 120 acres of land, and has $5,300 invested 
in plant and $3,200 invested in land. Turning to sub-table O, we shall 
find for the same establishment, Ko. 2, that it is 4^ miles from the- 
primary shipping i)oint which is situated on a railroad; in the case of 
this establishment the place of free delivery to the purchaser is identical 
with the primary shipping point. 

Following out the study, by turning to sub-table D, it will be found 
that the labor for establishment "So. 2 for the year given cost $1,875, 
and supplies and repairs $433, the total cost being $2,308, while the 
elements of cost in one ton of 2,240 pounds will be found from sub-table 
E, from which it is ascertained that the labor cost of one ton of phos- 
phate mined by this particular establishment was $1.25, and supplies 
and repairs $0,289, or a total cost per ton of $1,539. Sub-table F gives 
the percentage which each element of cost is of the total cost per ton, 
while sub-table G gives the additional cost of certain theoretical ele- 
ments for the period named. Sub-table H gives the additional cost of 
these elements as shown per ton, and from this we learn that from the 
particular mine used for illustration, establishment No. 2, the trans- 
portation to place of free delivery cost 50 cents per ton. Sub-table J 
gives the rates of wages paid in each mine for each of the subdivisions 
of occupations of the persons employed therein. These statements show 
clearly, without lurther analysis, how Table I, relating to land mines, 
should be used. It is suf&cient to remark that Table II, relating to 
the cost of production and rates of wages of river mineS| is to be used 
in precisely the same way. 
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es 














M 


....do 








409 


m 




'"675 
360 

SOO 




..-.do 

..-.do 

....do 

....do 




sao 










" 


sn 


TO 


300 

■•SS 


n 


....do 




«00 


n 


:::t ::::::::::- 






83 

8* 


:;::3: ::::::::::: 

...do 

:::t :::::::;:: 

--.do 

....do 

aonthCaroliX: 


100 

8,818 


8« 
87 
SS 
89 

w 
n 

as 


S,009 

iS 

700 
18,609 

6,009 
12,000 








flfi 

at 

97 

as 


....do 

i^ido 

....do 


9i77fl 
8,000 


100 

1<B 
103 

Wf 

IM 

S 


....do 
....do 

::::do 

....do 
.-..do 
.-.do 


8,000 
4,600 

so! 000 

80,000 

33,000 

7; 000 

15,000 

tSooo 






ii 


....do 

::::£ 


7,500 

itlooo 



• UapatMd f*r on* year bat di 
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Table I.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED SIATES, 

1890-1892— £. AMD nriNES— Continaed. 

B.— CHBHEBAL DESGBIPTIOV, CAFHAL IWESIED, SIC 



Es- 


Arerage 




tab- 


depth of 


Average 


lish- 


deposit 


thickness 


ment 


from 


of deposit 


nnm- 


siorface 


(feet). 


1»er. 


(feet). 




1 




16 
96 


2 


8 


8 


6 


26 


4 




60 
25 

28 


5 




e 


H 


7 


8 


20 


8 


6* 


45 


9 


5 


25 


10 


12 


40 


U 


n 


35 


12 




(a) 
45 
15 


13 




14 


1 


16 


t 


12 


16 





16 


17 


6 


6 


18 


7 


16 


19 


16 


20 


20 


4 


20 


21 


10 


20 


22 
23 


!t 


10 


24 


1 


15 


26 


8 


40 


20 


8 


25 


27 


H 


80 


28 


11 


25 


29 


6 


30 


30 
31 


H 


20 
16 


32 


V 


27 


33 


7 


17 


34 


17 


60 


35 


3 


(a) 


36 


2 


20 


37 


6 


15 


38 


6 


40 


39 


10 


20 


40 


4 


25 


41 


6 


40 


42 




30 
25 


43 


11* 


44 


3 


15 


45 


13 


10 


46 




30 
30 
40 
15 


47 




48 




49 


3 


50 


5 


15 


51 


10 


20 


52 


6 


20 


53 


3 


12 


54 


6 


25 


55 


4 


10 


56 


n 


10 


57 


5 


18 


58 


20 


24 


59 


7 


28 


60 


2 


21 


61 


3 


80 


62 


4 


174 


63 


8 


14 


64 


10 


4 


66 


8 


15 


66 


10 


10 


67 


4 


8 


68 


7i 


26 


69 




80 
10 


70 


4 


71 


H 


10 



ImproYed 

apmiances 

nsedf 



No.. 
Yes. 
Yes. 
No.. 
Yes. 
No.. 
Yes. 
No.. 
No.. 
No.. 
Yes. 
Yes. 
Yes. 
No.. 
No.. 
No.. 
No.. 
No.. 
No.. 
Yes. 
No.. 
No.. 
No.. 
No.. 
Yes. 
Yes. 
No.. 
Yes. 
Yes. 
No.. 
No.. 
No.. 
No.. 
Yes. 
No.. 
Yes. 
No.. 
Yes. 
Yes. 
Yes. 
Yes. 
No.. 
Yes. 
Yes. 
No.. 
No.. 
Yes. 
No.. 
Yes. 
No.. 
Yes. 
Yes. 
No.. 
No.. 
No.. 
Yes. 
No.. 
No.. 
Yes. 
No.. 
Yes. 
Yes. 
No.. 
Yes. 
Yes. 
No.. 
No.. 
No.. 
No.. 
No.. 
Yes. 



Deposit found in— 



Pookets....^ 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets and veins . 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets and strata 

Pockets 

Pockets 

Pockets 

Pooksts 



controlled 
for mining 
purposes. 



Capital invested ixt" 



Plant. 



Land. 



160 

120 

1,360 

80 

1,900 

1,360 

640 

6,000 

160 

800 

4,600 

800 

1,350 

1,200 

110 

40 

40 

10 

360 

749 

120 

61 

800 

80 

2,000 

2,000 

7,000 

600 

20,000 

8,000 

1,135 

204 

40 

18,000 

10,000 

7,000 

15 

1,500 

36,000 

743 

1,500 

2,080 

1,600 

120 

5,000 

3,300 

300 

230 

40 

20 

1,000 

2,500 

2,000 

240 

40 

920 

2,963 

1,450 

927 

80 

550 

812 

440 

108 

200 

56 

1,600 

1,930 

60 

40 

560 



$1,200 
6,300 
3,400 

<•> ^ 
10,000 

500 

8,000 

ft 10, 000 

2,500 

20,000 

25,000 

20.000 

4,000 

6,000 

672 

2,000 

300 

600 

980 

4,871 

800 

1,000 

1,500 

4,000 

46,000 

15,000 

1,500 

25.000 

65,000 

2,000 

3,000 

2,000 

1,000 

100,000 

(a) 

20,000 

700 

15,000 

50,000 

45,403 

20,000 

9,300 

16,000 

6,000 

2,500 

2,000 

10,000 

(a) 

8,000 

700 

60,000 

6,000 

2,600 

4,000 

4,000 

20,000 

11,000 

10,000 

100,000 

6,600 

25,000 

10,000 

150 

6,000 

8,000 

1,000 

2,000 

10,000 

2,600 

1.503 

8,060 



$3,200 
100,000 

70,000 
100,000 
60,000 
30,000 
10,000 
100,000 
45,000 

(a) 
150,000 

175,000 

6,000 

15,000 

4,000 

8,000 

6,000 

187,500 

12,000 
6,000 

40,000 

(a) 

200,000 

100,000 

125,000 

60,000 

635,000 

260,000 

20,000 

80,000 

10,000 

1,192,000 

80,000 

600,000 

3,000 

35,000 

2,000,000 

216,450 

75,000 

200,000 

100,000 

3,500 

25,000 

150,000 

30,000 

(») 

12,000 

5,000 

200,000 

300,000 

36,000 

3,000 

125,000 

600,000 

190,000 

75,000 

8,000 

85,000 

30,000 

35,000 

15,000 

20,000 

10,000 

200,000 

175,000 

2,000 

4,000 



a Not reported. 

ft Yaiae of plant now being put tn. 
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Table I.— COST OP PRODUCTION OP PHOSPHATE IN THE UNITED STATES, 

1890-189^— LAND HIIIVBS— Continued. 

B.— OmKAIi DBgCBIPTlDy, CAPITAL niVBSTED, SIC— Concluded. 



Es- 
tab- 

I Uaih. 
ment 
num 

I ber. 



72 
78 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

i09 

110 

111 

112 



Average 
depth of 
deposit 

from 
surface 

(feet). 



15 
4 

I* 

3 

? 

4 
15 

6 

8 
. 2 

5 

4 

4 

I* 

7 
7 

? 
? 

10 
7 
7 
6 

? 

8 
9 
8 
6 
6 
5 
5 
5 
7 

P 

6 



Average 

tliickness 

of deposit 

(feet). 



Improved 

appliancea 

nsedl 



(«) 



Deposit found in— 



Yes 
No. 
Yes 
Yes 
Yfip 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No. 
Yes 
Yes 
Yes 
Yes 
Yes 
No. 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No. 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 



Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets 

Pockets and strata . 

Pockets 

Pockets and strata . 

Pockets ^ 

Pockets 

Pockets 

Pockets 

Pockets and strata. . 
Pockets and veins . . 

Pockets 

Pockets 

Veins 

Strata 

Veins and strata 

Veins and strata 

Veins 

Veins 

Veins 

Veins 

Veins 

Strata 

Veins and strata. . . . 

Veins 

Strata 

Veins and strata — 

Strata 

Veins and strata. . . . 

Veins 

Veins 

Strata 

Veins 

Veins 

Veins 

Strata 



Acres 
controlled 
for mining 
purposes. 



68 
15 

40 

1,100 
240 
240 
290 
441 
60 
200 
500 
200 
728 

5,000 
300 
714 
440 

1,500 

6,200 
500 
350 

1,000 
500 
440 
600 

9,300 
700 

5,000 
500 
600 

2,500 
700 
500 
300 

4,100 

4,000 

20,000 

800 

300 

900 

15,000 



Capital invested in— 



Plant. 



$12,000 

5,000 

5,000 

20,000 

15. 000 

15,000 

8,000 

20,000 

25,000 

25,000 

25,000 

3,000 

51,616 

116,000 
26,000 
25,000 
60,000 
2,000 
76,000 
10,000 
50,000 
60,000 
90,000 
25,000 
80,000 
25.000 
19,000 
80,000 
20,000 
15,000 
25,000 
40,000 

100,000 
25,000 
25,000 
70,000 

860,000 
60,000 
26,000 
83,000 

100,000 



Land. 



$15,000 


10,000 


(a) 


85,000 


10,000 


10,000 


12,000 


75,000 


4,000 


75,000 


30,000 


10,000 


22,417 


100,000 


30,000 


50,000 


40,000 


100,000 


100,000 


25,000 


40,000 


25,000 


25,000 


15,000 


(a) 


15,000 


(a) 


70,000 


. (a) 


(a) 


100,000 


76,000 


60,000 


50,000 


15,000 


5,000 


2,000,000 


50,000 


5,000 


(a) 


200,000 



2061C 8 



•Notreporte<l. 



I 

4 






114 



SPECIAL REPORT OF THE COMMISSIONER OP LABOR. 



Tabue I.— cost of production OF PHOSPHATE IN THE UNITED STATES, 

1890-1892~E.AND MINES— Continued. 

C— DI8TAVGE, HEAMB, AED COST OF XRAHSFOSTAXIOV. 



E0- 
tab- 
Ugh- 
ment 
nam 
ber. 



1 
2 
8 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
84 
85 
86 
87 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
«5 



Primary shipping 
point. 



Milee 
from 
mine. 



4 



4 
4 



11 
8 



2 



I 



10 



13 



5 
6 

4 



li 



J* 



On railroad or 
river. 



Railroad. 
Railroad . 
Railroad. 
Railroad. 
Railroad. 
Railroad. 
Railroad. 
Raihroad . 
Railroad. 
Railroad. 
Railroad. 
Railroad. 
Railroad. 
Railroad. 
Railroad. 
Railroad. 
Railroad. 
Railroad. 
Railroad. 
Railroad. 
Railroad . 
Railroad. 
Railroad . 
Railroad. 
Railroad. 
Railroad . 
Railroad. 
Railroad . 
Railroad. 
Railroad . 
Railroad . 
Railroad . 
Railroad . 
Railroad. 
Railroad . 
Railroad  
Railroad . 
Railroad . 
Railroad . 
Railroad . 
Railroad . 
Railroad . 
Railroad . 
Railroad , 
Railroad . 
Railroad . 
Railroad . 
Railroad . 
Railroad 
Railroad . 
Railroad , 
Railroad . 
Railroad . 
Railroad 
Railroad . 
Railroad . 
Railroad . 
Railroad , 
Railroad , 
Railroad . 
Railroad , 
Railroad . 
Railroad , 
Railroad . 
Railroad . 



Cost of transportation per ton of 2,240 pounds. 



From mine to 

railroad or 

river station. 



(•) 
(a) 



$0.60 



&.46 
.60 



».60 
.60 



(6) 
(a) 



1.40 



(b) 
(&) 
(6) 

(P) 
(b) 



.60 



(«) 



.60 



(a) 



.50 



(a) 
(a) 



.60 



I^om railroad 
or river station 
to port of ship- 
ment out or 
state. 



(6) 



.40 



(&) 



(6) 
(b) 



.40 



(a) 



$2.80 



(•) 



(a) 
(a) 
(a) 

(a) 



(a) 



(a) 

(«) 
(a) 



(a) 
(a) 



(«) 

(a) 

(«) 
(«) 
(a) 

(a) 
(a) 

(a) 



(a) 



2.48 
2.00 
2.80 
2.80 
2.80 
2.48 
2.74 
2.64 
2.80 
2.40 
8.00 
1.88 

1.50 
1.40 
1.85 
1.85 



2.42 

2.60 
2.60 
2.60 
2.46 

1.66 

2.60 
2.06 

2.06 



2.01 
2.36 
2.40 
2.62 
2.40 



2.48 
2.60 
2.48 
1.86 
2.40 

1.60 

2.06 



1.66 



1.70 

1.40 
1.60 



From port of ship- 
ment ont of state 
to- 



Domestic 

selling 

port. 



(a) 
(•) 
(a) 
(a) 
$2.66 

(«) 
(•) 
(a) 

(«) 
(a) 
(•) 
(a) 
(«) 
(•) 
(a) 
(a) 
(a) 
(a) 

(a) 
(a) 
(a) 

(«) 
(a) 

(a) 
(a) 
(a) 
(«) 
(a) 
(a) 
(«) 
(«) 
(a) 

<*> « 
8.40 

(a) 
(a) 

(«) 

(«) 

(a) . 
2.26 

(a) 
(a) 
(a) 

(a) 
(a) 

(a) 
(a) 
(a) 

(«) 
(a) 
(«) 
(a) 
(a) 
(a) 

(a) 
(a) 
(a) 

(a) 
(a) 
(a) 
(a) 
(a) 
(o) 

(a) 
(a) 



Foreign 

seUing 

port. 



(•) 
(a) 
(a) 

(a) 
$4.32 

(a) 
(•) 
(«) 
(•) 
(•) 
4.48 

(a) 

4.60 
(a) 
(a) 
(•) 

6.00 

(«) 
(•) 
4.26 

(•) 
(a) 
(») 
(a) 

(«) 
6.00 
4.60 
6.00 

(a) 

(a) 
(a) 

(«) 
(a) 

4.60 
(a) 

(a) 
(a) 

(a) 
(«) 
4.86 

(a) 
4.82 

4.60 
(a) 
(a) 
(a) 

4.60 
(a) 

6.26 
(o) 
(a) 

8.60 

(a) 
4.76 

(a) 
(a) 
(a) 
(a) 
(») 
(«) 
(«) 

(«) 
5.00 

6.00 
(a) 



Place of free deliv- 
ery to purchaser. 



Miles 
from 
mine. 



(a) 

(..** 

(a) 
260 

(•) 
(a) 
(•) 
(a) 
(a) 
(«) 
(a) 
(a> 
176 
79 
(») 

(.)=* 

(«) 


(a) 
165 

(«) 

127 

126 

126 

170 

(a) 
72 

(a) 
186 

(a) 
(a) 
165 

(.,» 

166 
(«) 
(a) 
(a) 

(a) 
6 

(•) 
(a) 
(«) 
(ft) 
<«) 
(«) 
(a) 
(a) 
(a) 

(.> 

(») 
(a) 

76 

(«) 
(a) 

(•) 
(•) 



4 



Cost of 
transporta- 
tion per ton 
of 2,240 
pounds. 



(a) 
$0.60 

(•) 

(a) 
2.00 

(a) 

(•) 

(a) 

(•) 

(•) 

(a) 

(») 

(a) 
3.00 
1.38 

(«) 
1.40 

(«) 
(ft) 
(«) 

^•\60 

^k42 

(•) 
2.50 
2.60 
2.60 
2.40 

(«) , 
1.66 

(•) 
8.00 

(«) 
(a) 
2.00 
.60 

(•) 
2.01 

(•) 
(») 
(a) 

7.00 
.60 
(«) 
(a) 
(a) 
(») 
(a) 
(«) 
(«) 
(•) 
(•) 

7.71 
.40 

(•) 
(a) 
1.06 

(•) 
(a) 
(•) 
(«) 



ib) 
(ft) 



40 



a Not reported. 

6 Included in cost of wages, and supplies and repairs. 



CHAP. III. STATISTICS OF THE PHOSPHATE INDUSTKV. 



C— DmAHCS, touts, AUD cost of TaurSFOBTAHOR— Concluded. 



Coat of tnnaparUtloD per Ion of I,2t« PC 



Place of free deliv. 



From tslln>»d 



DomeaUc Foreign 



"U 



4 Miuufwitured on 
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Table I.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES^ 

1890-1892— liAND MINES— Continued. 

D.— OnrSItAL BTAXBHEirr OF COST FOR THE PBRIOD. 

[Insimxice, Interest, depreciation of valne of plant, charges for freight of product to plaoe •€ free 

delivery, and royalty to owners of the soil are noi included.] 



Establiahment number. 



1. 
2. 
3. 

4. 

6. 

6. 

7. 

8. 

9. 
10, 
11. 
12. 
13. 
14. 
15. 
Itt. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30 
31, 
32 
33. 
34. 
35. 
36 
37, 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
53 
53 
54 
55 
56 
57 
58 
50 
60 
61 
62 
63 
64 
66 



Labor. 


Officials 
and clerks. 


Supplies 
and repairs. 


Taxes. 


Total. 


$400 


1150 


a $700 


(•) 


$1,250 


1.875 


635 


4.33 




2.308 


2,000 


762 


$161 


3,458 


2,430 


750 


560 


(«) 


d3,730 


7,300 


1,100 


8,200 


200 


11,800 


12,600 


1,350 


823 


113 


14,880 


9,260 


2,400 


1,830 


183 


13,173 


1,356 


1,750 


840 


36 


8,481 


1,570 


(ft) 


866 


5 


1,941 


1,400 


900 


700 


(0) 


113,000 


« 18, 000 


(•) 

450 


17,500 




35,500 


6,000 


2,100 


50 


8,600 


7,170 


300 


1,450 


1,600 


10,520 


4,305 


460 


476 


75 


6,306 


598 


110 


176 


22 


906 


998 


(») 


175 


<«). 


rf 1,173 


1,646 


(b) 


60 




1,705 


693 


25 


8 


726 


1,076 


(b) 


389 


25 


1,389 


2,333 


(ft) 


464 


HI 


2,908 


1,800 


300 


700 


18 


2,818 


1,770 


(ft) 


190 


50 


2,010 


1,550 


(ft) 


225 


16 


1,791 


8.100 


(ft) 
2,565 


1,008 




0.108 


49,168 


7,765 


750 


60,238 


17,100 


3,000 


1,200 


08 


31,398 


18,260 


2,400 


400 




21,060 


13, 131 


3,145 


3,150 


80 


18,456 


19, 816 


8,600 


6,148 


1,000 


80,564 


4,166 


1,150 


582 


500 


6,398 


1,799 


600 


542 




2.941 


7,209 


675 


1,768 


200 


9,847 


3.785 


450 


481 




4,716 


102, 5a4 


8,364 


12,000 


3,300 


125,258 


3,000 


200 


1,090 




4,290 


13,528 


2,400 


1,684 


800 


17,912 


3,225 


700 


885 


8 


4,318 


44,700 


1,600 


8,006 


460 


60,556 


31,168 


4,800 


6,000 


8,700 


45,668 


24,780 


4,680 


9,000 


122 


38,588 


15,220 


5,100 


1,720 


350 


22,390 


16,500 


3,000 


1,000 


75 


20,575 


25,577 


(0) 


(«) 


(«) 


/25,577 


800 


775 


800 




LlOO 


3,675 


250 


51 


4,751 


6.000 


870 


1,500 


« 


tf8,370 


5,000 


1,500 


600 


d7,100 


9.675 


225 


1,800 




11,700 


5,458 


496 


778 


{•)"" 


d6,731 


2,340 


500 


165 


• 


3,006 


5,400 


(«) 


588 


840 


6,278 


11,287 


660 


866 


800 


12,512 


4,481 


210 


772 




5,463 


7,300 


1,800 


3,110 




11,210 


3,102 


1,000 


200' 




4,392 


85,997 


5,400 


3,590 


813 


44,300 


8,562 


1,640 


896 


460 


11.548 


83,600 


Al,920 


19,000 


516 


A55,036 


2,947 


515 


450 


185 


4.097 


810 


100 
1,700 






910 


2,100 


"868" 


180 


4,838 


6,400 


2,500 


488 


18 


8,406 


704 


(ft) 


66 




760 


3,011 


(c) 
(c) 


393 


88 


jr3,4« 


2,374 


812 




^3,186 



a The expenditures for taxes are inseparably combined with those for supplies and repairs. 

b Managed by owner. 

« Not reported. 

d Kot including taxes. 

« The expenditures for officials and clerks are inseparably combined with those for labor. 

/Not including officials and clerks, supplies and repairs, and taxes. 

a Kot including officials and clerks. 

A Not includiug salary of general manager. 
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Table I.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES, 

1890-1892— LA JKD MINES— Continued. 

D.— ^EHBEAL STATEimT OF COST lOB IHE PERIOD— Concladed. 

[Insnranoe, interest, depreciation of Talae of plant, ohargea for freieht of prodaot to plaoe of fine 

delivery, and royalty to owners of the soil are not molndea.] 



Establishment nnmber. 



m. 

87. 
68. 
09. 
70 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84 
85. 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
96 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 



tAbor. 


Officials 
and clerks. 


Supplies 
and repairs. 


Taxes. 


•919 


$300 


$95 




2,856 


1,200 


690 


$260 


8,000 


(a) 


416 


229 


L250 


(a) 
160 


800 




1,110 


190 


8 


1,048 


(a) 
(a) 

(5) 


861 




2.018 


862 




455 


81 


(P) 


1,770 


(a) 
600 


650 




6,880 


876 


44 


824 


(a) 


859 




435 


(« 


203 




569 


150 


134 


76 


2.136 


400 


1,159 
308 




1,870 
6.450 


900 




8,000 


1,710 


20 


6,205 


8,000 


2,340 


150 


1,088 


750 


185 


10 


5,865 


8,456 


6,212 


117 


2,204 


8,417 


1,639 


492 


5,049 


8,100 


515 


13 


4,200 


1,350 


1,020 


150 


10,800 


6,000 


4,550 


200 


1,215 


890 


500 


125 


86,400 


8,600 


8,840 


765 


17,460 


1,200 


985 


46 


22,899 


2,100 


6,800 


1,150 


73,515 


8,200 


12,000 


693 


27,480 


2,100 


5,992 


232 


87,900 


2,100 


2,100 


410 


64,615 


2,000 


4,806 


02 


22,095 


8,416 


2,273 


818 


26,505 


2,400 


6,110 


68 


65,498 


2,750 


11,950 


1,155 


8,549 


1.550 


2.200 


103 


42,700 


2,300 


11, 040 


228 


14,350 


8,450 


4,888 


91 


71,600 


2,200 


6,850 


1,850 


85,965 


2,550 


8,511 


1,038 


78,048 


1,950 


8,950 


831 


35,200 


1,200 


6,975 


850 


37,940 


8,000 


9,500 


195 


193, 450 


10,550 


48,438 


4,032 


35,580 


1.750 


9,440 


744 


20,796 


1,600 


7,675 


210 


96,951 


8,100 


14,266 


607 


d 144, 000 


(d) 


W 


(») 



Total. 



$1,814 


4,896 


8,645 


2.050 


1,458 


1,409 


2,380 


«68$ 


2,820 


7,800 


1,183 


638 


028 


8,695 


8,078 


10,180 


11,695 


2,033 


14,650 


7,752 


8,677 


6,720 


20,550 


2,230 


00,605 


10,600 


82,049 


89,808 


85,804 


42,510 


61,613 


28,097 


85,084 


71,348 


12,492 


56,268 


22,279 


82,000 


48,064 


89,779 


42,725 


60,635 


256,470 


47,514 


80,181 


114,888 


« 144, 000 



c Managed by owner. 

I Not reported. 

e Not iBoluding offioials and clerks, and taxes. 

d The expendltnres for oi&cials and clerks are inseparably combined with those for labor 

• Not including sopplies and repairs, and tSkzea. 
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Table 1.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES, 

1890-1892— 1. AND MI NES— Continued. 



E.— ELEMEHTB OF OO0T IS OHX TOV OF 8,840 FOinVlMI. 

[InBiiniloe, InterMt, depreciation of raltie of plant, churgea for freight of product to place of firee 

deliTery, and royalty to owners of the soil are not included.] 



Establishment number. 


Labor. 


Officials 
and clerks. 


Supplies 
and repairs. 


Taxes. 


Total. 


1 


$1,600 
1.250 
4.000 
1.350 
1.128 
8.160 
8.807 
L087 
1.427 
1.647 

• 1.200 
2.182 
1.195 
2.870 
2.151 
1.096 
2.742 
6.544 
2.048 
2.916 
2.571 
1.770 
1.550 
2.025 
8.871 
4.275 
2.435 
1.459 
1.652 
2.083 
3.799 
2.403 
1.992 
2.700 
2.000 
2.082 
2.688 
2.080 
8.463 
1.026 
1.903 
1.179 
1.705 
1.067 
1.225 
2.609 
2.000 
1.290 
1.365 
2.600 
1.800 
1.667 
2.037 
2.028 
2.956 
8.273 
8.668 
1.774 
8.929 
2.700 
1.050 
2.160 
2.011 
8.764 
1.826 


10.600 

(ft) 

L070 

.417 

.169 

.838 

.857 

2.600 

ib) 

1.069 

(«) 
.164 
.050 
.800 
.396 

ib) 

ib) 

ib) 

ib) 

ib) 
.429 

ib) 

ib) 

ib) 
.202 
.750 
.820 
.239 
.300 
.675 
.600 
.226 
.237 
.220 
.188 
.869 
.688 
.100 
.633 
.194 
.637 
.214 

<^) 

(b) 
.260 
.878 
.600 
.030 
.124 
.656 

"1078 
.095 
.500 
.026 
.491 
.688 

k.l92 

.687 

.833 

.860 

1.000 

(•) 


a$2.800 
.289 

1.624 
.805 
.492 
.206 
.476 
.486 
.883 
.823 

1.167 
.763 
.242 
.817 
.633 
.860 
.100 
.200 
.650 
.580 

1.000 
.190 
.225 
.252 
.611 
.300 
.053 
.350 
.612 
.291 
.542 
.588 
.253 
.816 
.727 
.269 
.821 
.260 
.667 
.873 
.215 
.072 

.083 
.652 
.240 
.240 
.194 
.188 
.179 
.061 
.361 
.686 
.186 
.235 
.878 
1.008 
.600 


(«) 


$5,000 
1.539 


2 


8 


$0,322 

ic) 
.031 
.028 
.066 
.050 
.005 

(«) 


6.916 


4 


<K2 072 


5 


1.815 


6 


8.722 


7 


4.705 


8 


4.973 





1.765 


10 


<I3.529 


11 


2 367 


12 


.018 
.266 
.050 
.079 
ie) 


8.127 


13 


1.753 


14 


8.537 


15 


3.259 


16 


d2.346 


17 


2.842 


18 


.064 
.048 
.139 
.026 
.060 
.016 


6.808 


19 


2.646 


20 


3.635 


21 


4.026 


22 


2.010 


23 


1.791 


24 


2.277 




.059 
.025 


4.743 


26 


6.350 


27 


2.808 


28 


.003 
.088 
.250 


2.051 




2.547 


30 


8.199 




2.941 


32 


.066 


8.282 




2.482 


34 


.060 


8.296 




2.860 


86 


.046 
.006 
.030 
.411 
.005 
.044 
.005 
(c) 


2.756 




8.598 


38 


. 8.370 




6.074 


40 


L598 




2.799 


42 


1.470 




/1. 705 
1.467 


44 




.017 
(«) 
(«) 


1.584 


46 


d3.639 




d2.840 


48 


1.560 




(•) 


tf 1.683 


50 


8.339 




.114 
.042 


y2.093 
L738 


62 




2.483 


64 




8.114 






4.067 


56 


.028 
.188 
.027 
.247 


4.027 




4.812 


58 


i^2.906 




6.463 


60 


8.033 




.429 
.116 
.100 
.491 
.626 


.090 
.007 


2.419 


62 


8.302 




2.171 


64 


.110 


p4.365 
02.461 





a The expenditures for taacM an inseparably oemblned irlth thoae finr suppllM aad rapain. 

b Managed by owner. 

e Not reported. 

d Not including taxes. 

• The expenditures for officials and clerks are inseparably combined with those for labor. 

/ Not including officials and clerks, supplies and repairs, and taxes. 

tNot including officials and clerks. 
Not inoludiag aalary of general manager. 
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TA.BLK !•— COST OP PRODUCTION OF PHOSPHATE IN THE UNITED STATES, 

1890-1892— I. AND MIJUTES— Contiiiaed. 



or COST nr OHE ton of 2,240 POiniDS- Concluded. 



[Insnranoe, interMt, depreciation of ralne of plant, charges for freight of product to place of free 

deliyery, and royalty to owners of the soil are not incladed.] 



Establishment nnmber. 


Labor. 


Official R 
and clerks. 


Supplies 
and repairs. 


Taxes. 


Total. 


66 


4>2.451 
1.178 
.817 
1.250 
2.220 
2.096 
1.496 
2.276 
2.950 
1.960 
1.030 
2.175 
1.751 
3.560 
1.700 
1.329 
1.241 
2.418 
1.008 
.441 
1.683 
1.400 
1.080 
1.736 
4.320 
3.492 
L908 
2.940 
2.748 
3.877 
4.201 
8.399 
2.650 
2.643 
2.850 
2.372 
8.189 
8.580 
1.439 
8.252 
3.520 
2.108 
2.276 
2.737 
2.080 
8.366 

d3.760 


$0,800 
.600 
(«) 

^•!800 

(a) 
(a) 

(6) 

(a) 
.200 

(«) 

(a) 
.461 
.667 
.818 
.782 
.600 
1.667 
.694 
.683 
1.033 
.450 
.500 
.667 
.180 
.240 
.176 
.128 
.210 
.216 
.154 
.626 
.240 
.131 
.617 
.128 

• .767 
.110 
.102 
.081 
.120 
.166 
.124 
.135 
.160 
.108 


$0,253 
.295 
.113 
.800 
.380 
.722 
.268 
.405 
.917 
.292 
.449 
1.015 
.412 
1.931 
.280 
.417 
.468 
.411 
.806 
.828 
.172 
.340 
.455 
.714 
.442 
.197 
.667 
.480 
.699 
.215 
.870 
.850 
.611 
.669 
.763 
.613 
.976 
.343 
.340 
.373 
.698 
.628 
.570 
.726 
.757 
.486 

(6) 




$3,504 
2.198 


67 


$0,125 
.062 


68 


.992 


69 


2.050 


70 


.016 


2.916 


71 


2.818 


72 




1.763 


73 


ib) 


e2.680 


74 


8.867 


75 


.014 


2.466 


76 


1.479 


77 1 




3.190 


78 


.231 


2.865 


79 


6.158 


80 




2.798 


81 


.005 
.030 
.022 
.020 
.098 
.004 
.050 
.020 
.179 
.038 
.009 
.096 
.024 
.023 
.041 
.007 
.048 
.007 
.055 
.034 
.013 
.020 
.067 
.042 
.035 
.035 
.011 
.047 
.057 
.021 
.020 
(b) 


2.483 


82 


2.339 


83 


4.518 


84 


2.518 


85 


1.550 


86 , 


2.892 


87 


2.240 


88 


2.055 


80 


3.186 




4.980 


91 


3.938 




2.746 


03 


3.572 




3.580 


95 


4.348 




4.732 


97 


4.323 




8.508 


99 


3.398 




4.164 


101 


3.126 




4.951 


103 


4.100 




. 1.923 


105 


8.741 




4.273 


107 


2.813 




3.017 


109 


8.655 




3.018 


Ill 


3.989 




«3.750 







A Managed by owner. 

h Not reported. 

e Not including officials and derks* and taxes. « , ,. 

d The expenditures for officials and clerks are inseparably combined with those for labor. 

# Not including aupplies and repairs, and taxes. 
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Table I.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES, 

1890-1892— liAlVD RIINES— Contiaued. 

F.— FEB CEHT. OF EACH EUUDBHTOF 0Q6T IE OEE lOE OF 8,840 POUEBB. 

[iDsaruloe, interest, devreciation of valae of plant, chargea for freight of product to place of free 

delfvery, and royally to owners of the soil are not included.] 



Establishment number. 



1 
2 
8 
4 

6 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
84 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65. 



Labor. 


Officials 
and derks. 


Supplies 
and repairs. 


Taxes. 


Total 


82.00 


12.00 


a66.00 


(•) 


100 


81.34 


(6) 
15.47 


18.76 
22.03 




100 


67.84 


4.66 


100 


65.15 


20.11 


14.74 


(«) 


4100 


61.86 


9.32 


27.12 


1.70 


100 


84.64 


0.07 


6.63 


.76 


100 


70.29 


18.22 


10.10 


L80 


100 


88.95 


60.27 


0.77 


1.01 


100 


80.88 


(b) 


18.86 


.26 


100 


46.67 


80.00 


28.88 


(«) 


dioo 


60.70 


(«) 


40.80 




100 


69.77 


6.28 


24.48 


.68 


100 


68.16 


2.86 


18.78 


16.21 


100 


81.14 


8.48 


8.07 


1.41 


100 


66.00 


12.14 


10.48 


2.43 


100 


85.08 


(b) 


14.02 


(«) 


dlOO 


96.48 


(b) 


8.62 




100 


05.46 


8.44 


1.10 


100 


77.80 


(&) 


20.81 


1.80 


100 


80.28 


(ft) 


16.06 


8.82 


100 


63.87 


10.66 


24.84 


.64 


100 


88.06 


(h) 


0.46 


2.49 


100 


86.56 


(h) 


12.66 


.89 


100 


88.93 


(ft) 


11.07 




100 


81.61 


4.26 


12.80 


1.24 


100 


79.91 


14.02 


6.61 


.46 


100 


86.70 


11.40 
11.62 


1.00 
17.07 




100 


71.16 


.16 


100 


64.83 


11.78 


20.12 


8.27 


100 


65.11 


17.07 


0.10 


7.82 


100 


61.17 
73.21 


20.40 


18.43 




100 


6.86 


17.00 


2.08 


100 


80.26 


0.64 

6.68 


10.20 
0.68 




100 


81.90 


1.84 


100 


60.98 


4.66 
13.40 


26.41 
0.40 




100 


75.52 


1.68 


100 


74.69 


16.21 


8.92 


.18 


100 


• 88.42 


2.97 


7.72 


.80 


100 


68.25 


10.51 


13.14 


8.10 


100 


64.28 


12.18 


23.33 


.81 


100 


67.98 


22.78 


7.68 


L66 


100 


80.19 


14.68 


4.86 


.37 


100 


100.00 


(«) 


(«) 


(«) 


/lOO 


72.78 


ft) 
16.81 


27.27 




100 


77.86 


5.26 


1.08 


100 


71.69 


10.89 


17.92 


(«) 


4100 


70.42 


21.18 


8.46 


(«) 


(TlOO 


82.69 


1.98 
7.36 


15.39 
11.66 




100 


81.09 


(«) 


tflOO 


77.87 


16.64 


6.49 




100 


86.01 


(«) 


8.57 


5.42 


0100 


90.21 


4.47 


2.92 


2.40 


100 


82.03 


8.84 


14. 13 




100 


65 12 


16.06 
22.77 
12.19 


18.82 
4.65 
6.84 




100 


72 68 




100 


81.26 


.71 


100 


74.14 


14.20 


7.76 


8.00 


100 


61.05 


A 3. 49 


84.62 


.04 


A 100 


71.93 


12.57 


10.08 


4.62 


100 


89.01 


10.99 
86.14 






100 


43.41 


17.73 


8.72 


100 


64.24 


20.74 


6.81 


.21 


100 


92.63 


(ft) 
(«) 


7.87 
11.26 




100 


86.28 


2.62 


fflOO 


7461 


(c) 


26.40 




^100 



a The expenditures for taxes are inseparably combined with those fer supplies and repairs. 

h Managed by owner. 

e Not reported. 

d Not including taxes. 

e The expenditures for officials and clerks are insepaiably combined with those for labor. 

/ Not inclnding officials and clerks, supplies and repairs, and taxes. 

J Not including officials and clerks. 
Not including salary of general manager. 
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Tabue 1.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES. 

1890-1892— I^ AND IIIINES— Coutinued. 

F.— FER GEHT. OF SAGE XUSXEIIT 07 0081 IS OHS TOK 07 8,240 POUHSS— Conoladed. 

[Insurance, interest, depreciation of yalue of plant, charges for flight of prodaot to place of free 

delirery, and royalty to ownen of the soil are not included.] 



Establishment nnmber. 


Labor. 


Officials 
and clerks. 


Supplies 
and repairs. 


Taxes. 


TMaL 


66 


69.04 
63.68 
82.31 
60.98 
76.18 
74.38 
84.79 
84.89 
76.29 
79.47 
69.66 
68.18 
61.32 
67.81 
60.76 
58.53 
53.06 
63.52 
40.03 
28.48 
58.19 
62.50 
62.56 
64.48 
86.74 
88.67 
69.50 
82.32 
76.75 
89.16 
88.79 
78.64 
76.66 
77.78 
68.44 
76.89 
64.41 
87.32 
74.83 
86.93 
82.39 
74.93 
75.43 
74.88 
68.90 
84.39 
d 100. 00 


22.88 

27.80 

(«) 

(a) 
10.29 

(a) 
(a) 
(ft) 

(A) 

8.11 

(«) 

(a) 
16.16 

10.82 

29.24 

29.47 

25.66 

86.89 

23.59 

44.06 

85.73 

20.09 

24.38 

17.49 

8.61 

6.10 

6.87 

8.58 

5.86 

4.94 

8.26 

12.16 

6.84 

3.86 

12.41 

4.09 

15.48 

2.68 

5.30 

2.17 

2.81 

6.92 

4.U 

3.68 

6.30 

2.70 


7.23 
18.48 
11.41 
89.02 
18.03 
25.62 
15.21 
15.11 
23.71 
11.88 
80.36 
81.82 
14.44 
81.87 
10.01 
16.80 
20.01 

9.10 
85.58 
21.14 

5.93 
15.18 
22.14 
22.42 

8.88 

6.00 
20.64 
13.44 
16.74 

4.04 

7.81 

8.09 
17.41 
16.75 
18.33 
19.62 
19.70 

8.36 
17.71 

9.97 
13.96 
18.76 
18.89 
19.87 
26.10 
12.42 




100 


«7 


6.69 
6.28 


100 


68 


100 


09 


100 


70 , 


.66 


100 


71 


100 


72 




100 


73 




• 100 


74 


100 


75 


100 


76 


100 


77 




100 


78 


8.06 


100 


79 , 


100 


90 




100 


81 


.20 

L28 
.49 
.80 

6.86 
.15 

9.23 
.98 

6.61 
.77 
.23 

8.49 
.66 
.66 
.96 
.16 

Lll 
.20 

1.62 
.82 
.40 
.41 

1.66 

2.16 
.93 
.82 
.89 

1.67 

L57 
.70 
.40 


100 


82..... 


100 


83 


100 


Si 


100 


86 


100 


86 


100 


87 


100 


88 


100 


89 


100 




100 


91 


100 




100 


93 


100 




100 


95 


100 




100 


97 


100 




100 


99 


100 




100 


101 


100 




100 


103 


100 




100 


105 


100 




100 


107 


100 




100 


109 


100 




100 


Ill 


100 




• 100 







• Kanaged by owner. 
b Not reported. 

c Not including officials snd clerks, and taxes. 

d The expenditures for officials and clerka are inseparably combined with those for labor. 

• Not iuclading supplies and repairs, and taxes. 
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Tablb I.— cost of production OF PHOSPHATE IN THE UNITED STATES, 

1880-1892— JLAIVB MIIVES— Continued. 

G.— ASSmOVAL COST OF CXBTAIV THSOBETICAL ELEXEHTB FOB THS PEBIOB. 



Establish- 
ment 
number. 


Inrannoe. 


Interect. 


Depreciation 

of valae of 

plant. 


Royalty to 

owners of the 

soil. 


Transporta- 
tion to place 
of Aree de- 
livery. 


TotaL 


1 














2 










$700 


$700 
80 


3 


$80 








4 












6 


146 








13,000 


13,146 


6 










7 














8 





























10 


(a) 

600 


$3,000 


V26O 






(«) 

99,750 


11 




95,000 


12 


$1,376 


1,376 


13 










U 










4,500 
828 


4,600 
828 


16 










16 












17 










770 


770 


18 












1» 














20 














21 














22. 










250 


250 


23 












24 








4,000 


7,260 


11,260 


25 










26 


219 


(a) 

(o) 
3,000 






8,663 
18,750 
22,500 
22,600 


68,882 


27 


70 




618.820 


28 


250 




25,760 


29 






22,500 


30 












31 










1,485 


1,485 


32 












83 









1,900 


2,949 
230,000 


4,849 


34 


776 


4,126 


6,400 


240,801 


86 






36 










19,240 
600 


19,240 
600 


87 










38 


150 

500 

1,030 

225 


(a) 






[6150 
26,090 


39 






26,190 
108,160 


40 








100,190 


41 








225 


42 


600 








600 


43 


900 




(a) 


81,200 
226 


• 82,100 


44 






226 


46 












46 


(a) 
(a) 


(a) 
(a) 


(a) 
(a) 






(a) 
(a) 


47 






48 


7,600 




^ ' 7.600 


49 










60 














61 


46 










46 


62 












68 








2,200 




2,200 

12,336 

1,392 

d600 


64 








12,836 
812 


65 








1,080 


66 


90 

(«) 

600 


(a) 


600 


67 






90 


68 


(•) 


600 




24,653 


d26,153 
600 


69 




60 












61 


460 
66 


1,000 








1,450 
65 


62 








63 








80 


80 


64 






60 




60 


66 












66 














67 














68 










8,*i66 8,'86o 


69 










70 













• Not reported. 

6 Not including interest. 

e Not including royalty to owners of the solL 

d Not including insurance and interest. 
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Table I.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES 

1890-1892— I.AND MI N£S— Continued. 



G— ADDinOirAL COST OF GEBTAUT THXOBETICAL 

Conclnded. 



KT.KII K1IT8 FQK IHS RBIOB— 



Establish- 
ment 
number. 


Insurance. 


Interest. 


Depreciation 

oi value of 

plant. 


Boyalty to 

owners of the 

soil. 


Transporta- 
tion to place 
of iree de- 
livery. 


TotaL 


71 








$500 




$500 


72 










73 














74 








600 




600 


75 












76 














77 














78 














79 














80 


$320 
450 










320 


81 










450 


82 


225 










225 


83 






135 


$15 
14,831 


160 


84 


1,450 
270 






16,281 


85 


iia 






283 


86 


(a) ta.\ 








(a) 


87 


* ' 125 
438 


y. 








125 


88 








13,500 


13,038 


89 












90 


95 
48 




$4,000 
800 
7,500 
5,000 
3,000 
1,500 
1,800 
8,750 
1,400 
5,500 
2,300 
4,500 
1,250 
6,000 
8,500 
8,750 
8,000 
5,200 
85,000 
4,000 
8,500 
8,290 
(a)' 






4,095 


91. 


700 






. 1,548 


92 






7,600 


93 


425 
60 

74 








6.426 


94 








8,069 


95 








1,574 


96 




13,000 




14,800 


97 


888 

58 

812 


790 




4,928 


98 


2,500 




3,956 


99 






5,812 


100 




1,050 
7,200 


t,200 


4,550 


101 


i95 
68 




11,895 


102 






1,318 


103 








6,000 


104 










3,500 


105 


325 
79 

108 
2,000 

102 
70 

504 








4,076 


106 






2,800 


5,879 


107 






5,308 


108 








37,000 


109 








4,102 


110 








3,570 


Ill 




10,080 


150,000 
14,000 


168,874 


112 1 ta\ 


(a) 


ft 14, MO 




1 







•Not repoited. 

ft Not including issorance, interest, and depreciation of value of pUMt. 
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Table I.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES^ 

18d0-1892— I. A N I> lUi N E S— Cod tinned. 



-ASDinOKAL COST OF OEBIAIN THEOBETIGAL 

2,240 pouims. 



EUEICBBTS IH ONE ION OF 



EsUbliah- 

ment 

number. 


iDBiuanoe. 


Interwi. 


Depieciation 

of value of 

plant 


Royalty to 

owners of the 

■oU. 


Transporta- 
tion to place 
of free de- 
livery. 


Total 


1 


\ 












2 










$0,600 


$0,600 
.160 


3 


10.160 








4 












6 


.022 








2.000 


2.022 


6 










7 






... 






8 






1 






9 






1 
1 






10 


(a) 
.033 


(a) 
$0,200 


(a) 
$0,083 


- 




(a) 

7.102 


11 


•••••••••••••a* 


0.786 


12 


$0,500 


.600 


13 












14 










8.000 
1.378 


8.000 


15 










L378 


16 












17 










1.400 


1.400 


18 












19 














20 














21 














22 










.500 


.500 


23 






A^ . ..— — .^.. — ... 






24 








1.000 


2.420 


8.420 


25 










26 


.055 


(a) 
(a) 
.833 






2.500 
2.500 
2.500 
2.046 


62.565 


27 


.009 




62.509 


28 


.028 




2.861 


29 






2.045 


30 












81 










1.650 


1.660 


32 












33 








1.000 


8.000 
6.601 


4.000 


84 


.020 


.109 


.142 


0.872 


35 






36 










2.960 
.500 


2.000 


37 










.600 


88 


.010 
.056 
.043 
.028 


(a) 






6.010 


89 






2.010 
6.636 


2.066 


40 






■•••••••••••••* 


6.679 


41 








.028 


42 


.036 


• 






.036 


43 


.060 




(a) 


7.000 
.500 


e7.060 


44 






.600 


45 








'"*""*********" 




46 


(«) 
(a) 


(a) 


(«) 
(a) 






(a) 
(a) 

1.000 


47 






48 


1.000 




49 












50 














51 


.015 










.016 


52 












53 








1.000 




LOOO 


54 








7.710 
.400 


7.710 


65 








1.000 


1.400 


56 


'•'.088 
'•'.«7 


(A) 


.055 


4.055 


67 






.038 


68 


(a) 


.026 




lSo 


41.676 


69 




.607 


60 












61 


.226 
.020 


.600 








.725 


62 








.026 


63 








.400 


• 400 


64 






.063 




.008 


65 












66 














67 














68 










L267 


L267 


00 












70 















• Kot reported. 

b Not inclnding interest. 

« Not including royalty to owners of the soil. 

4 Not including insurance and interest. 
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Table I;.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES, 

1890-1892— JLAIVD JlllJWfiS— Continued. 

H.— ADDITIONAL COST OF GERTAUT THEOBSTICAL ELEMENTS IN ONE TON OF 

8)340 POUNDS— Concluded. 



Establish- 
ment 
n amber. 


InBoranee. 


Interest. 


Depreciation 

of value of 

plant. 


Royalty to 

owners of the 

SOU. 


Transporta- 
tion to place 
of free de- 
livery. 


Total. 


71 








$1,000 




$1,000 


72 










73 














74 








1.000 




1.000 


75 












76 














77 














78 














79 














go 


$0,291 
.110 
.045 










291 


81 










110 


82 










045 


g3 


• 




.300 


$0,150 
2.550 


450 


84 


.249 
.054 

(a) 

.042 
.044 






2 799 


85 


$0,003 
(o) 






057 


86 








(a) 

043 


87 








88 








1.350 


L394 


89 










90 


.005 
.010 




$0,200 
.160 
.625 
.200 
.300 
.153 
.138 
.577 
.140 
.262 
.767 
.250 
.278 
.300 
.140 
.156 
.300 
.289 
.412 
.308 
.350 
.288 
(a) 






205 


91 


.140 






810 


92 






625 


93 


.017 
.007 
.008 








217 


94 








.307 


95 








161 


96 




1.000 




1.138 


97 


.000 
.006 
.015 


.121 




-758 


98 


.250 




396 


99 






277 


100 




.350 
.400 


.400 


1 517 


101 


.011 
.015 




661 


102 






293 


103 








.300 


104 










.140 


105 


.014 
.008 
.006 
.023 
.008 
.007 
.017 
(a) 








.170 


106 






.400 


.708 


107 






.295 


108 








.436 


109 








.316 


110 








.357 


HI 




.350 


3.750 
.400 


4 40S 


112 


(a) 


6.400 



a Not reported. 

#Not iaolttding insiirtiice, intertst, and depreciation of value of plant. 
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Tablb I.— cost of production OP PHOSPHATE IN THE UNITED STATES, 

1890-1892~LAIV]> RIIIVB 8— Continued. 

J.-.RAXBi OF WA0B8L 



Es- 

tab- 

lish- 

ment 

nam 

bw. 



10 



11 



12 



18 



Oooapatloii. 



Miner* 

Total... 

Engineer.... 

Fireman 

Miners 

Total... 

Engineer.... 
Fireman .... 
Miner* 

Total... 

Foreman — 
Miners 

Total... 

Engineer 

Foreman . . . . 
Miners 

Total... 

Foremen — 
Miners 

Total... 

Blacksmiths 
Carpenters. . 
Engineer.... 

Fireman 

Foremen.... 
Miners. 

Total... 

Carpenter. . . 

Foreman 

Miners 

Total... 

Foreman.... 
Miaers 

Total... 

Foremen . . . . 
Miners 

Total... 

Foremen . . . , 
Miners 

Total... 

Engineer ... 
Foremen . . . . 
Miners 

Total... 

Engineer.... 

Foremen 

Machinist... 
Miners 

Total... 



Honrs 
per 
day. 



a 10 



10 



10 
10 
10 



Arer 

•«• 

em- 

ployte 

for 
period. 



12 



12 



1 

1 

12 



10 



14 



10 
10 
10 



10 



10 
10 



10 



10 
10 
10 



10 



10 
10 



10 



10 
10 
10 
10 
10 
10 



1 
1 

12 



14 



1 
12 



13 



1 

1 

80 



32 



2 
60 



82 



2 
2 
1 
1 
5 
100 



10 



10 
10 
10 



10 



10 
a 10 



10 



10 
a 10 



10 



HI 



DaQy 

rate of 

payor 

average 

daily 
earnings. 



1 
1 
5 



1 
12 



13 



6 
20 



25 



$L00 



1.00 



3.00 
1.50 
1.00 



1.18 



2.50 
1.50 
1.00 



L14i 



1.50 
1.00 



L04 



4.00 
2.60 
1.00 



1.14 



1.50 
1.00 



1.01| 



1.50 
2.00 
2.50 
1.50 
1.50 
1.00 



1.07 



2.25 
1.50 
1.00 



1.25 



1.91i 
1.00 



1.07 



2.30 
1.00 



1.26 



10 
10 


3 
50 


l.Oli 
1.00 


10 


53 


1.05 


10 

10 

a 10 


1 

2 

80 


2.00 

2.394 

1.00 


10 


33 


1.11| 


10 

10 

10 

a 10 


1 

2 

1 

35 


l.53i 
3.26 
2.874 
1.00 


10 


39 


1.18 



Es- 
tab- 
lish- 
ment 
nam< 
ber. 

14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



Oeonpation. 



Foiemen 

Miners and laborers 
Teamsters 



Total. 



Miners and laborers 
Teamsters 



Total. 



Hours 

per 

day. 



Total. 



Foreman 

Miners and laborers 



Total. 



Foreman 

Miners and laborers 



Total. 



Blaster 

Foreman 

Miners and laborers 



Total. 



Engineer 

Foreman 

Miners and laborers 
Teamster 



Total. 



Foreman 

Miners and laborers 



Total. 

Foreman . . 
Miners .... 
Water boy 



Total. 



Miners and laborers 
Teamsters 



Total. 
Foremen . . 



Miners and laborers 

Teamsters 

Water boy »... 



Total. 



Engin eer 

Foremen 

Miners and laborers 

Teamsters 

Waterboys 



Total. 

Engineers. 
Foremen . . 
Laborers .. 
Miners — 



Total. 



a Work 5^ days per week. 
b Work 5 days per week. 



10 
10 
10 



10 



10 
10 



10 



Foreman j 10 

Miners "and laborers 10 



10 



610 
blO 



10 



10 
10 



10 



a 10 

10 

a 10 



10 



10 
10 
10 
10 



10 



10 
10 



10 



10 
10 
10 



10 



10 
10 



10 



10 
10 
10 
10 



10 



10 
10 
10 
10 
10 



10 



10 
10 
10 
10 



10 



Arer- 
age 
em- 

ploy6s 
for 

period. 



2 

25 

3 



30 



5 
2 



1 
20 



21 



1 
6 



1 

12 



13 



1 

1 

19 



21 



1 

1 

18 

1 



21 



1 
20 



21 



1 

12 
1 



14 



12 
2 



14 



3 

30 

2 

1 



36 



DaUy 
rate of 
pay or 

aTorage 
daily 

earning*. 



1 
4 
150 
5 
6 



166 



4 

4 

10 

50 



68 



$L84 
L25 
1.25 



L25i 



1.10 
1.10 



1.10 



2.49 
1.25 



1.81 



1.84| 
1.25 



1.83i 



1.59 
1.25 



L27 



1.25 
L2S 
1.00 



1.024 



1.59 
L534 
1.00 
1.90 



1.06 



2.80 
1.26 



1.39 



1.9U 

LOO 

.60 



L03 



L20 

.871 



1.15| 



LOli 

LOO 

LOO 

.50 



L06 



4.79 
L75 
L25 
L26 
.75 



L26| 



L3U 
L92 
LOO 
L09 



L97] 
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Tablb I*— cost of PRODUCTION OF PHOSPHATE IN THE UNITED STATES, 

1890-1892— L.AND nEINKS-^ontinaed. 

J.— SATES OF WAGES— Contmued. 



tab- 

Ush- 

ment 

Dum 

ber. 



27 



ao 



81 



82 



84 



Oocapation. 



Homt 

per 

a*T. 



Foremen 

Laborers 

ICiners 

Total 

Engineer 

Foremen 

Miners and laborers 

Total 

Engineer 

Foremen 

Miners and laborers 

Teamsters 

Watchman 

Waterboys 

Total 

Foremen 

Mechanic 

Miners and laborers 

Teamsters 

Water boy 

Total 

Foreman 

Miners and laborers 

Teamsters 

Water boy 

Total 

Foreman 

Miners and laborers 

Teamsters 

Waterboys 

Total 

Foremen ........... 

Miners and laboorears 

Teamsters 

Water boy 

Total 

Blacksmiths 

Carpenters 

Engineers 

Foremen 

Machinists 

Miners and laborers 

Teamsters 

Watchmen 

Total 

Miners and laborers 

Total 

Engineer 

Foreman ........... 

Miners and laborers 

Teamster 

Watchman 

Water boys 

Total 



10 
10 
10 



10 



10 
10 
10 



10 



10 
10 
10 
10 
10 
10 



10 



10 
10 
10 
10 
10 



10 



10 
10 
10 
10 



10 



10 
10 
10 
10 



10 



J* 

St 



Atct- 

age 

em- 
ployes 

for 
period. 



»i 



11 
11 
11 
11 
11 
11 
11 
11 



11 



10 



10 



10 
10 
10 
10 
10 
10 



10 



a Variable. 
b Not reported. 



2 

10 
50 



Daily 

rate of 

payor 

average 

daUy 
earnings. 



62 



1 

8 

40 



44 



1 
3 
76 
6 
1 
2 



88 



2 
1 

80 
8 
1 



87 



1 

12 
4 

1 



18 



1 

25 

2 

2 



30 



2 

17 

2 

1 



22 



2 
8 

8 

6 

2 

276 

4 
2 



307 



102 



102 



1 
1 
60 
1 
1 



56 



13.00 
1.00 
1.00 



1.06i 



1.76 
2.00 
1.00 



L08i 



l.OU 
1.9ll 
LOO 
1.00 

Oftl 

• vov 

.60 



1.08 



1.911 
1.50 
LOO 
LOO 
.60 



LOS 



L91i 

L25 

L26 

.50 



L24| 



2.30 

LOO 

LOO 

.76 



L02i 



2.201 

LIO 

LIO 

.60 



L17i 



\ 



L9I 

L9I 

2.30 

2.30 

3.83i 

LOO 

LOO 

LOO 



Lll 



LOO 



LOO 



L75 
2.00 
LOO 
LOO 
LOO 
.75 



L02 



Es- 
tab- 
Ush 
ment 
nam 
ber. 



87 



88 



89 



40 



41 



42 

48 



45 



46 



Oocnpatlon. 



Miners and laborers 

Teamster 

Water boy 



Total. 



Foremen ........... 

Miners and laborers 



Total. 



Blaolumith 

Carpenter 

Engineers 

Foremen 

Miners and laborers 

StAbleman 

Teamsters 

Watchman 

Water Im^s 



Total. 



Blacksmith 

Carpenter , 

Bn^pneers 

Engineer, looomo* 
t^e. 

Firemen 

Laborers 

Machinists 

Miners 

Teamsters , 

Watchman 



Total. 



Engin< 

Firemen 

Foremen. ........... 

Miners and laborers 

Watchmen 

Waterboys 



ToUl. 



(ft) 

Blacksmith 

Carpenters . 

Foremen ... 

Machinists. 

Miners 

Stableman 

Teamsters 



•«••••«••• 



Total. 

Blacksmith 
Engineer... 



Fireman 

Foreman 

Miners and laborers 



Total. 



Foremen 
Miners.. 



Total. 
Miners 

Total. 



Hoars 

£>r 
y. 



Atst 

age 

em- 
ployes 

for 
period 



10 
10 
10 



10 



11 
11 



11 



10 
10 
10 
10 
10 

(«) 
10 

(a) 
10 



10 
10 
10 
10 

10 
10 
10 
10 
10 
10 



10 



10 
10 
10 
10 
10 
10 



10 



(6) 



10 
10 
10 
10 
10 
10 
10 



10 



10 
10 
10 
10 
• 10 



10 



dlO 
dlO 



10 



dlO 



10 



• Work ^ days per week, 
d Work 5| days per week. 



16 
1 
1 



18 



16 
126 



140 



1 
1 
8 
6 

70 
1 

20 
1 

4 



106 



1 
1 

2 
1 

2 

18 
8 

42 

2 
1 



68 



2 

2 

2 

66 

2 
2 



(b) 



1 

4 
6 

4 
•6 

1 
17 



93 



1 
1 
1 
1 
20 



24 



2 
16 



17 



50 



60 



Daily 

rate of 

payor 

average 

daUy 

earnings. 



IL26 

LOO 

.60 



L19| 



L68| 
LOO 



L06| 



2.30 
2.871 
LOO 
L91i 
LOO 
LOO 
LOO 
.981 
.76 



L06i 



2.00 
8.00 
L76 
L16 

L25 

L26 

2.66| 

LOO 

L16 

L48 



L21 




L04i 



(>) 



L76 
L76 
L50 
L5e 
LOO 
LOO 
LOO 



LOH 



L50 

L724 

LOO 

L50 

LOO 



L07 



2.10 
LOO 



L18 



LOO 



LOO 
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Tabuk I.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATESL 

189Q-1892--JLA1IIO JHlNfiS— ContiuaecU 

J«— SAXES OF WAOIS—Continued. 



It- 
tab- 
lish- 
ment 
nam 
ber. 



47 



60 



U 



63 



66 



66 



Occap*tioii. 



Hours 
per 
dfty. 



Engineer. 
Minen... 



Total. 



Blacksmith 
Carpenters. 
Engineer... 
Foremen ... 
Miners 



Total. 



Carpenter 

Engineer 

ITireman 

Miners and laborers 
Teamster 



TotaL 

Miners and laborers 
Total 



Foremen 

Miners and laborers 
Teamster 



Total. 



Engineer 

Foremen 

Minws and laborers 

Teamsters 

Waterboys 



Total. 



Foremen.... 

Mechonio 

Miners and laborers 

Teamsters 

Waterboys 



Total. 



Blacksmith 

Foreman 

Miners and laborers 

Teamsters 

Water boy 



Total. 



Foreman 

Miners and laborers 



Total. 



Engineer..... 

Engineers, sssistant 

Foremen 

Mechanics 

Miners and laborers 

Stableman 

Teamsters 

Watolimen ....•••. 
Waterboys 



XstaL. 



10 
a 10 



10 



10 
10 
10 
10 
«10 



10 



10 
10 
10 
10 
10 



10 



10 



10 



10 
10 
10 



10 



Aver 
age 
em- 

p]oy6s 
for 

period. 



10 
10 
10 
10 
10 



10 



«10 
a 10 
a 10 
a 10 
alO 



10 



10 
10 
10 
10 
10 



10 



a 10 
alO 



10 



10 
10 
10 
10 
10 
10 
10 
10 
10 



10 



1 

ao 



31 



1 

3 

1 

8 
60 



67 



1 
1 
1 

30 
1 



34 



18 



18 



3 

40 
1 



43 



1 
8 
60 
6 
3 



CI 



8 
1 

60 
6 
3 



61 



1 
1 

36 
6 
1 



84 



1 
13 



18 



1 
3 

6 
3 

110 
1 
4 
3 
8 



181 



Daily 
rate of 
payor 

average 
daily 

earnings. 



13.49 

1.00 



L07 



3.00 
3.00 
3.50 
3.00 
1.00 



1.13 



L91} 

1.53^ 

1.25 

Lie 

1.25 



1.16i 



1.00 



1.00 



3.30 
1.10 
1.00 



1.15^ 



3.00 
L531 
1.10 
1.00 
.60 



Lll 



1.75 
L75 
1.00 
1.05 
.60 



1.08i 



3.00 

1.0H 

LOO 

LOO 

.60 



L04 



L63| 
L36 



L28 



3.00 
L50 
LOS 
3.00 
LOO 
L64i 
L25 
L25 
.06 



LOBi 



Es- 
tab- 
Ush 
ment 
num 
ber. 



67 



68 



60 



61 



64 



66 



66 



67 



Oooupatioii, 



Foremen .......... 

Miners and laborers 

Teamsters 

Waterboys 



Total. 



Foremen 

Miners and laborers 



Total. 



Blacksmith 

Car^nter 

Engineers 

Foremen 

Miners and laborers 

Stableman 

Teamsters 

Watchman 

Waterboys 



Total. 



Laborers 
Miners.. 



Total. 



Engineer.. 
Fireman .. 
Mill hands 
Miners.... 
Teamsters 



Total. 



Engineer 

Miners and laborers 



Total. 



Foreman 

Miners and laborers 



Total. 



Engineer 

Foreman 

Miners and laborers 
Waterboy 



Total. 



Engineer 

Foremen 

Miners and laborers 

Teamsters 

Waterboys 



Total 

Foreman 

Miners and laborers 

Teamster 

Waterboy 



Total. 



Foreman 

Miners and laborers 



Total. 



Horns 
per 
day. 



Aver 
age 
em- 

ploy6s 
for 

period 



10 
10 

to 

10 



10 



10 
10 



10 



10 
10 
10 
10 
10 
10 
10 
10 
10 



10 



10 
10 



10 



10 
10 
10 
10 
10 



10 



10 
10 



10 



a 10 
a 10 



10 



10 
10 
10 

to 



10 



10 
10 
10 
10 
10 



10 



10 
10 
10 
10 



10 



a 10 

AlO 



10 



a Work 5) days per week. 



3 

100 
2 

4 



too 



6 

100 



105 



1 
1 
6 

4 

50 
1 
7 
1 
3 



73 



3 
12 



15 



1 
1 
2 
3 
3 



10 



1 
16 



1« 



1 
6 



1 
1 

12 
1 



15 



1 
2 

10 

4 
3 



10 



1 

10 
1 
1 



18 



1 
7 



8 



JhSky 
rate of 
payor 

aTerace 
daily 

earnings. 



$L9U 

LOO 

LOO 

.50 



L00| 



3.30 
LOO 



LOO 



3.00 
3.00 
L33| 
3.30 
LOO 
LOO 
LIO 
LOO 
.60 



LU 



LOO 
LOO 



LOO 



3.871 

L53i 

L53^ 

LOO 

LOO 



L35 



3.87| 
LOO 



L18 



L52| 
L36 



L39 



L36 

3.50 

L36 

.76 



Lao 



LOO 
3.064 
LOO 
LOO 
.40 



3.30 
L35 
L38 

.60 



L37| 



L36 
LOO 



L03t 
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Table I.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES, 

1890-1892— JL AND MINJBS— ContiuuecL 

J.— BATES OF WAOES— Continned. 



Es- 

tab- 

lish- 

ment 

uum- 

ber. 



68 



69 



70 



71 



72 



73 



74 



75 



76 



77 



rs 



Occnpation. 



Hours 
per 
day. 



Foremen 

Miners 

Total 

Miners 

Total 

Foreman 

Miners and laborers 

Total 

Fireman 

Foreman 

Miners and laborers 

Teamster 

Watchman 

Total 

Engineer 

Foreman 

Miners and laborers 
Teamster 

Total 

Fireman 

Foremen 

Idiuers and laborers 

Total 

Engineer 

Foreman 

Miners and laborers 

Total 

Carpenter 

Engineer 

Foremen 

Miners and laborers 
Teamster 

Total 

Engineer 

Engineer, assistant. 

Foreman 

Miners and laborers 

Teamster 

Watchman. ........ 

Total 

Engineers 

Foreman 

Minei s and laborers 
Watchman 

Total 

Engineer 

Foreman 

Miners and laborers 

Teamster 

Water boy 

Total 



20G1C- 



10 
10 



10 



a 10 



10 



10 
10 



10 



Aver- 
age 
em- 

plo3'6s 
for 

period. 



2 

12 



14 

To 



Daily 
rate of 
pay or 

average 
daily 

earnings, 



10 



1 
20 



21 



10 
10 
10 
10 
10 



10 



10 
10 
10 
10 



10 



30 
10 
10 



10 



10 
10 
10 



10 



10 

10 

10 

a 10 

a 10 



10 



10 
10 
10 
10 
10 
10 



10 



10 
10 
10 
10 



10 



10 
10 
IJ 
10 
10 



1 

1 

12 

1 

• 1 



16 



1 

1 

12 

1 



15 



1 
2 

7 



10 



1 

1 

12 



14 



1 
1 
2 
25 
1 



30 



1 
1 
1 
13 
1 
1 



18 



2 
1 

18 
1 



17 



1 
1 

10 
1 
1 



10 



14 



$1.50 
1.00 



1.07 



1.00 



1.00 



1.53i 
1.25 



1.26J 



1.00 

1.91^ 

1.00 

1.00 

1.00 



1.05^ 


2.87i 
1.91^ 
1.00 
1.00 


1.18i 



1.25 
2.00 
1.00 



1.22J 



1.00 

1.72J 

1.00 



1.05 



1.53i^ 

1.91i 

1.91i 

1.00 

1.00 



1.11 



1.25 
1.00 
2.49 
1.00 
1.00 
1.00 



1.09i 



1.62^ 
2.49 
1.00 
1.00 



1.16 



1.53i 
1.53^ 
1.00 
1.00 
.50 



1.04 



Es- 
tab- 
lish- 
ment 
num 
ber. 



79 



80 



81 



82 



83 



84 



85 



86 



87 



Occupation. 



Engineer 

Engineers, assistant 

Foreman 

Miners and laborers 
Waterboys 



Total. 



Engineer 

Engineers, assistant 

Foreman 

Miners and laborers 

Teamster 

Watchman 



Total. 



Engineer 

Engineers, assistant 

Foremen 

Miners and laborers 

Teamster 

Waterboys 



Total. 



Engineer 

Fireman 

Foreman 

Miners and laborers 
Watchman 



Total. 



Engineer. 
Fireman . 
Foreman . 
Miners . . . 



Total. 



Dredgemen 

Engineers 

Engineer, locomo- 
tive. 

Foremen 

Miners and laborers 

Washers 

Watchman 



Total. 



Captain, dredge 

Engineer 

Firemen 

Miners and laborers 
Watchmen 



Total. 



Engineer 

Firemen 

Foreman 

Miners and laborers 
Winchman : 



Total. 



Engineers 

Firemen 

Miners and laborers 
Watchman 



Total. 



Hours 
per 
day. 



a Work 5^ days per week, 
b Xot reported. 



10 
10 
10 
10 
10 



10 



9 
9 
9 
9 
9 
(&) 



10 
10 
10 
10 
10 
10 



10 



10 
10 
10 
10 
10 



10 



10 
10 
10 
10 



10 



10 
10 
10 

10 
10 
10 
10 



10 



10 
10 
10 
10 
10 



10 



10 
10 
10 
10 
10 



10 



10 
10 
10 
10 



10 



Aver- 
age 
em- 
ployes 

for 
period. 



1 
2 
1 

20 
2 



26 



Daily 

rate of 

pay or 

average 

daily 
earnings. 



1 
4 
1 

18 
1 
1 



26 



1 
5 
2 
32 
1 
3 



44 



1 
1 
1 
25 
1 



29 



1 
1 
1 
3 



6 



3 
2 
1 

2 
6 
9 
1 



24 



1 

1 
3 
8 
2 



15 



1 
2 
1 
20 
1 



25 



2 

2 

19 

1 



24 



$1.50 
1.00 

> 2. 871 
1.00 
.50 



1.05i 



2.30 
1.16 
2.30 
.90 
1.00 
1.00 



1.05^ 



1.49^ 
1.25 
2.87J 
1.00 
1.00 
.50 



1.09 



2.30 

1.534 

2.87^ 

1.00 

1.31^ 



1.14 



1.75 
1.00 
1.50 
1.00 



1.21 



1.25 
2.50 
1.50 

1.35 
1.25 
1.25 
.98^' 



1.36 



3.83^ 
1. 91i 
1.25 
1.25 
1.50 



1.50 



2.16 
1.50 
2.00 
1.25 
1.50 



1.34^ 



2.30 
1.34 
1.00 
1.15 



1.14i 
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Table I.^-C0ST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES. 

1890-1892— JL AND MINES— Contiuued. 



J.— BATES OF WAOXB— Continned. 



Es. 

tftb- 

lisb- 

ment 

nnm- 

ber. 


OcoapatioA- 


Hoars 
per 
uay. 


Aver- 
age 
em- 
ployes 

for 
period. 


Daily 

rate of 

pay or 

average 

daily 
earnings. 


Es- 
tab- 
lish- 
ment 
num- 
ber. 

97 
98 

99 

100 

1 


Occnpation. 


Hours 
per 
aay. 


Aver- 
age 
em- 
ployes 

for 
period. 


Daily 
rate of 
payor 

average 
daily 

earnings. 


88 


Carpenters 


11 
11 
11 
11 
11 
11 


2 
3 
3 
2 

22 
1 


$1. 91i 
2. 30 
1.53^ 
. 2.11 
1.37i 
1.3U 


Blacksmith 

Dnmoers. .. . 


10 
10 
10 
10 
10 


I 
3 

1 

1 

70 


$L25 
1.25 




Engineers 




Firemen 


En irineer 


1.50 




'iForemen 


Firwman 


1.00 




Miners and laborers 

'W&t.p.'hiinii.Ti 


Miners ....^.rr 


1.00 




Tofft] 






Total 


10 


76 


1 02 




11 


33 


1.55 


xouu. ......... 

Blacksmith 

Diimners ........... 






Miners and laborers 
Totil 


10 
10 
(a) 
(a) 

10 
10 
10 


1 
2 

1 
1 

2 

130 
2 


L50 
1.00 


89 


10 


18 


.75 






2. 87 J 
2.30 




10 


18 


.75 


Engineer, locomo- 
tive. 
Firemen 




Blacksmith 

Dampers 




to 


10 
10 
10 
10 

10 
10 
10 
10 


1 
4 
1 
2 

3 

1 

5 

250 


1.50 
1.00 
3.06^ 
1.72i 

.97i 
3.45 
1.00 
1.04^ 


1.25 




Miners and laborers 
Trackmen. 


LOO 




Engineer 


LOO 




En^neers, locomo- 
tive. 

TTirAinAn 


Total 








139 


1.03 




Blacksmith 








Foreman , - . r r 


10 
(a) 
(a) 

(a) 
10 


1 
1 
1 

1 
240 


1.75 




Laborers, railroad . . 
Miners and laborers 

Total 


Enfifineer 


2.49 




Engineer, locomo- 
tive. 
Fireman 


L45i 




10 


267 


1.06i 


.92 




DnninArs 


I^TlTl AT*a 


1 00 


•1 


10 
10 
10 
10 


2 
1 

1 
53 


1.00 
L50 
.83i 
1.00 


Total 






Engineer 




244 


LOl 




Fireman 

Miners and laborers 

Total 


Blacksmith 

Dumper 


10 
10 
10 
10 
(a) 
10 


1 
1 
1 
1 

50 
2 


L25 
LOO 




10 


57 


l.OOi 


Engineer 


1.50 
LIO 
.681 
LOO 


02 


Blacksmith 

Carpenter 


10 
10 
10 
10 
10 
10 
10 


1 
1 
2 
1 
1 
1 
75 


1.50 
1.60 
1 00 


£ ireman 

Miners and laborers 
Sorters .......... 




DiunTMrs 


Total 






Engineer 


1.50 1 
1.10" i<^^ 




56 


.73i 




Engineer, excavator 
Fireman 


Blacksmith 

Dnmpers 


10 
10 
10 
10 
10 
10 


1 
3 

1 

1 

1 

150 


L50 






LOO 




Total 


« oo^ 


102 

103 
104 


Engineer 


L50 




10 

10 
10 
10 
10 

10 
10 


82 

1 
3 
1 
2 

3 

200 


.93^ 


Fireman 


L25 


98 


Carpenter 


1.50 
1.00 
2.49 
2.39i 

1 

1.25 
1.16 


Machinist 

Miners and laborers 

Total 


1.75 
.81 




Dnm Tiers 






Engineer 


10 

10 
10 
10 

10 
10 
10 


157 


.83 




Engineers, locomo- 
tive. 

Hnll^ATVl ATI 


Diimner . ........... 


1 
1 

1 

1 

2 

41 


1.00 




Engineer 


2.50 




X iTvzuen ...... ..... 

Miners and laborers 

Total 


Engineer, locomo- 
tive. 
Fireman 


L50 


\ 


10 

~ 10 
10 
10 
10 


210 


1.18 


LOO 
LOO 
LOO 


94 


Engineers 


2 

2 

2 

76 


3.06i 
1.00 
1.53^ 
1.06^ 


Laborers, raiiroaa . » 
Miners ..r^^-r. r 




Firemen 


^ Total - 

Blacksmith 

Caruenter. 






Foremen 


10 

10 
10 
10 
10 
10 
10 


47 


L04i 




Miners and laborers 
Total 


1 
1 
2 
1 
1 
231 


L50 




10 


81 


1.12^ 


1.75 




Diimners. .......... 


LOO 


05 


Carnenter ......... . 


10 
10 
10 
. 10 
10 
10 


1 
2 
2 
3 

1 
176 


1.50 
1.00 
2.25 
LOO 
8.33i 
.97i 


Engineer 


1.50 




Dumpers 


Fireman ........... 


1.25 




Engineers 


Miners ...x^ -- 


LOO 




Laborers, railroad.. 
Machinist 


Total 








10 


237 


LOl 




Mi ners and laborers 
Total 


Dampers 

Enirineer .......... 


10 
(a) 
10 

10 
10 
10 
10 


3 

1 
2 

3 

1 

105 

3 


LOO 




10 


185 


l.OOi 


3.194 
2.30 




Engineers, locomo- 
tive. 
Firemen ........... 


96 


Engineer, locomo- 
tive. 

Fireman 


10 

10 
(a) 
10 


1 

1 

800 

6 


1.50 

LOO 

L18| 

LOO 


1.25 




Foreman 


1.25 




Miners and laborors 
Trackmen 


Miners and laborers 
Trackmen ......... 


LOO 
LOO 




Total 


Total 








308 


L18 




118 


LOS 



a Variable. 
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Tabije !•- 



COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES, 
1890-1892— LANB MINES— Concluded. 



J.— BATES OF WAOES— Concluded. 



Es- 
tab- 
lish- 
ment 
num- 
ber. 


Occupation. 


Bours 
per 
day. 


Aver- 
age 
em- 
ployes 

for 
period. 


Daily 

rate of 

pay or 

average 

daily 
earnings. 


Es- 
tab- 
lish- 
ment 
num- 
ber. 

109 

110 
111 

112 


Occupation. 


Bours 
per 
day. 


Aver- 
age 
em- 
ployes 

for 
period. 


Daily 

rate of 

payor 

average 

daily 
earnings. 


105 


Dnmnem. ......... . 


10 
10 
10 

10 

(a) 
(a) 
10 


5 

1 
1 

2 

1 

250 

5 


$1.00 
1.66^ 
1.66i 

1.00 

2.87i 

.97 

.90 


Blacksmith 

Carnenters ..... 


10 
10 
10 

10 
10 

10 
10 
10 


loa 


$1.50 
1.4U 
4.161 

1.50 




Ensrlneer ........ 




Engineer, locomo- 
tive. 
Firemen ........... 


Chief engineer and 

mechanic. 
Ensrineer 




Eoreman 


Eniineer, locomo- 
tive. 
Foreman ........... 


1.66| 

4.16| 

1.00 

1.00 




Miners and laborers 
Tracltinen .. 




Total 


\fJTiArfi 




•265 


.98 


Trackmen 


106 


Blacksmith 

Dumpers 


10 
10 
10 
10 
10 


1 

? 

1 
127 


1.25 
1.00 
2.2.3i 
1.25 
.83i 


Total 


10 


119 


1.07| 








Engineer. 


10 
10 
10 
10 


2 
3 

2 

74 






Fireman 


1.00 

1.91| 

1.25 




Miners 


i^umpers ....•••.... 
Engineers 




Total 


10 


136 


.86 


Firemen 




Miners and laborers 
Total 


1 09 


107 


Blacksmith 

Camenter ...... 


10 


1 


1.50 
1.50 
3.45 
2.01i 

1.25 
1.00 




10 
(a) 
(a) 

10 
10 


1 
1 
2 

3 

112 


10 


81 


1.12 




VmT% cri n AAi* 


Dipper t^^nder 

Ennneers 






En^neers, locomo 

tive. 
Firemen 


10 
10 
10 

10 
10 
10 


1 
3 

1 

3 

300 

6 


2.00 

2.97| 

2.30 




Miners and laborers 
Total 


Engineer, locomo- 
tive. 
Firemen 






120 


1.05 


1.12| 




Camenters ......... 


_ 




Miners and laborers 
Trackmen 


108 


10 
10 
10 

10 
10 
10 
10 


C 

1 
6 

6 

9 

14 

573 


1.75 

1.59^ 

1.50 

1.50 
2.91 
1.00 
1.00 


1.00 




Engineer 


1.00 




Total 






Engineers, locomo- 
tive. 
Firemen 


iO 


314 


1.021 




Laborers (h) 

Total 




10 


400 






Foremen. 






Laborers, railroad . . 
Miners and laborers 

Total 


1.00 




10 


400 


1.00 




10 


615 


1.04^ 

















a Variable. 

b Skilled labor is not reported. 
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A«— PERIOD OOTEBSD AlTD QUAIITITT OF FBODITCT. 



Vs- 


Locality. 


Period covered. 


Phospbate mined. 


Qnantitv 

sbippea 

(tons of 

2,240 

pounds). 


tab- 
Ush- 
menf 
Bum- 
ber. 


Year 

ending— 


run- 
ning 
time. 


Description. 


Percent. 

of bone 

pbos- 

pliate. 


Qnantitv 
(tonR ot 

2,240 
pounds) . 


Yalne 
at mine. 


1 


Florida 


Nov. 30, 1892 
Dec. 1,1892 
Dec. 31, 1891 
Sept. 1,1892 
Dec. 1,1892 
Nov. 30, 1892 
Dec. 31, 1892 
Dec. 1,1892 
Deo. 81, 1892 
Dec. 31, 1892 
Dec. 1,1892 
June 30, 1891 
July 22, 1892 
Deo. 1,1892 
Aug. 1,1892 
Deo. 1,1892 
Dec. 1,1892 
June 1,1892 
Dec. 31,1891 
Feb. 28, 1892 
Feb. 29. 1892 
Feb. 29, 1892 
Feb. 20, 1892 
Feb. 29. 1892 
(a) 


210 
150 
270 
130 
140 
150 
135 
313 
300 
300 
200 
32 
50 
150 
300 
80 
200 
300 
800 
290 
305 
254 
305 
305 
300 


Biver pebble 

Biver pebble 

Biver pebble 

Biver pebble : 

Biver pebble 

Biver pebble 

Biver pebble 

Biver pebble 

Biver pebble 

Biver pebble 

Biver pebble 

Biver pebble 

Biver pebble 

Biver x>ebble 

Biver pebble 

River pebble 

Biver pebble 

Biver i>ebble 

Biver rock 

Biver rock 

Biver rock 

River rock 

Biver rock 

River rock 

Biver rock 


06.95 
00.00 
(a) 
59.24 
69.22 
60.71 
62.19 
. 60.82 
61.76 
61.76 
67.37 
67.56 
60.00 
65.00 
60.71 
65.00 
61.08 
62.00 
53.00 
58.00 
55.00 
55.00 
58.00 
67.00 
55.00 


5,218 
8,000 
12,000 
4,641 
6,330 
7,600 
9,000 


$17,200 
48,000 
60,000 
17, 680 
22, 155 
30,000 
."to. 500 


5.218 


2 


....do ........... 


8,000 


8 


. .. .do ........... 


10,000 
4,641 
4,888 


4 


... .do ........... 


5 


....do 


6 


do 


5,500 


7 


. . . .do . ........ .- 


9,000 


8 


do 


35,000 113,750 
25,000 .120.284 


35,000 
25.000 


9 


....do 


10 


....do 


15, 692 

4,000 

600 

500 

1,200 

9,106 

1,200 

4,600 

11,250 


53.831 

12,000 

(a) 

1„5()0 

5,400 

31, 871 

4,800 

16, 100 

ha. 625 


15,692 


11 


do 


4,000 


• 12 


do 




13 


....do 


500 


14 


....do 


1,200 


15 


...,do 


7,226 


16 


do 




}l 


do 


4,600 


do 


11,250 


19 
20 
21 
22 
23 


Sontb Carolina . 

....do 

....do 

....do 

do 


40.000 >260,000 
5, 000 1 25, 000 
40, 000 !240, 000 
34,000 204,000 
35,000 210,000 
100,000 650,000 
15, 000 97. 500 


35,000 
5,000 
33.000 
25,000 
32. 000 


24 


....do 


90,000 


26 


do 


13,000 













a Not reported. 
B.— OENXKAL BESGRIFTIOir, CAPITAL INVESTED, ETC. 



Zatablisbment 
number. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Iff 

i: 

18 
19 

20 
21 

22 
23 
24 
25 



Ayerage 
thick- 


Number of dredging appli- 
ances used. 


Capacity 

of 

pumps 

per day 

(tons). 


Hi1e8 
of rivers 

con- 
trolled 

for 

mining 

purposes. 


Capital invested in— 


ness of 

deposit 

(feet). 


Centrif- 
ugal 
pnmps. 


Steam 
shovels. 


Total. 




Land. 


8 


1 
2 
2 
1 
1 
2 
2 
8 
3 
2 
1 
1 

(fr) 
1 
1 
1 
1 
2 




1 
2 
2 
1 
1 
2 
2 
3 
3 
2 
1 
1 

(6) 
1 
1 
1 
1 

I 

(b) 
2 

1 
3 
8 

1 


60 
150 

80 
100 

75 

90 
100 
300 
300 
100 
100 

40 


4 

10 

14 

1 

8 

10 

8 

45 

23 

3 

2 

(a) 

(..♦ 

7 

25 

(a) 
(a) 
(a) 
(a) 
(a) 

(»; 


$32,000 
65,000 
40,000 
25,000 
37,000 

100, 000 
60,000 

100, (100 

100. 000 
40,000 
(a) 
45,000 

(a) 

15,000 

87,000 

40,000 

25.000 

50,000 

50,000 

1,200 

800,000 

300, 000 

40.000 

500,000 

100,000 


$53,000 


7 




75,000 


(a) 
5 




75,000 




7, COO 


? 




300. (lOO 




30,000 


2 




140, OUO 


4 




200,000 


5 




300, 000 


6 




200. 000 


? 




(a) 




200, 000 


(a) 
8 


(b) 


(a) 


(a) 

35 

70 

100 

70 


35.000 


J* 




(a) 




20,000 


4 




1,000 


(«)'* 




50,000 


2 

1 
3 
3 

1 




(a) 
(a) 


(6) 








30,000 


(a) 
(a) 
(a) 
(a) 












25,000 





















a Not reported. 

b Mined entirely by bond, no machinery being naed. 
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€.— BISTAirCE, M1AV8, AND COST OF TRAITSPOBTATIOH. 



Es- 
tab- 
lish- 
ment 
Bum 
ber. 



1 
2 
3 

4 
5 

e 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 



Primary shipping 
point. 



Miles 

from 

mine. 



Cost of transportation per ton of 2,240 ponnda. 



On railroad or 
river. 



Bailroad . 
River.... 
River.... 
River — 
Railroad . 
River... 
Railroad . 

Both 

Both 

Both 

Railroad . 
Railroad . 
Railroad . 
Railroad . 

River 

Railroad . 
River — 
Railroad . 
River.^.., 

River 

River.... 

River 

River . . . . 
River.... 
River 



From mine to 

railroad or 
river station. 



&$0.35 



From railroad 
or river station 
to port of ship- 
ment ont of 
state. 



(«) 



(o) 

(a) 
(d) 
(d) 
(d) 
(d) 
id) 
(d) 
(d) 



$1.52 
.50 

b.lB 
.50 

2.00 
.75 

.75 
.45 
.72 
1.80 
1.70 
2.50 
1.50 
5.25 

6.60 



From port of ship> 


ment ont of state 


to- 


Domestic 


Forei^ 


selling 


selling 


port. 


port. 


$2.25 


$4.50 


2.00 


4.00 


1.92 


(a) 


2.00 


5.00 


2.12i 


4.50 


2.50 


5.00 


(a) 


(a) 


2.50 


5.00 


(a) 


(a) 


(o) 


(a) 


2.25 


4.25 


2.25 


4.75 


(a) 


(a) 


2.00 


4.50 


2.10 


4.26 


(a) 


(a) 


2.00 


4.00 


(o) 


(a) 


2.25 


(o) 


2.00 


(o) 


2.12i 


4.80 


2.12^ 


4.50 


2.12^ 


4.80 


• 2.m 


4.80 


1.37i 


(a) 



Place of free delir- 
ery to purchaser. 



Miles 
from 
mine. 



(a) 
35 

30 

10 

200 

(a) 

(a) 
55 

(«) 
(a) 
(a) 
(a) 

2 
63 

8 

(a) 
16 

(c) 
(c) 
(c) 
(c) 
(c) 
(c) 
(c) 
(c) 



Cost of 
transports* 
lion per ton 
of 2,240 
pounds. 



(a) 



$0.50 

b.H 

.50 

2.00 



(a) 
(o) 

(a) 
(a) 
(a) 
(a) 



.75 



(a) 
J 

(e) 
(c) 

(0) 

(«) 
(«) 
(c) 
(c) 
(c) 



2>.35 
1.50 
6.25 

I 

b.ea 



a Not reported. 

b Included in the cost of wages, and supplies and repairs. 

e Sold at mine. 

d Loaded on ship near mines by mine lighter. 



D:— GENERAL STATEMENT OF COST FOB THE PERIOD. 

[Insurance, interest, depreciation of value of plant, and charges for freight of product to place of firee 

delivery are not included.] 



Establishment number. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



Labor. 



$7, 822 

7,400 

9, 452 

5,275 

3,450 

9,415 

5,000 

18, 512 

24, 373 

12, 630 

5,400 

338 

500 

3,100 

12, 181 

2,256 

5,170 

11, 880 

32, 600 

15,000 

31, 143 

35.043 

65,972 

146,781 

/ 24, 659 



Officials 
and clerks. 



$3,600 
2,000 
3,000 
2,000 
3,330 
3,700 
7,000 
3,500 
3,000 
1,500 
1,900 
240 
400 
1,000 
5,857 
1,500 
2,400 
6,600 
1,800 

(d) 
4,000 
4,600 

(6) 
(b) 

if) 



Supplies 
and repairs. 



$4,191 

4,500 

6,200 

5.200 

900 

4,250 

1,500 

9,700 

11, 295 

9,372 

8,500 

200 

380 

190 

6,520 

550 

2,150 

1,125 

17,000 

900 

8,303 

7,412 

19,737 

31,646 

(6) 



Taxes. 



(b) 



$20 
125 

25 



ib) 
(b) 



181 
225 
350 
640 
546 



63 

45 

100 

150 

350 

1,250 

10 

1,625 

600 

1,070 

1,656 

(6) 



Royalty to 
the state. 



(a) 
$6. 000 

(o) 

2,321 
(a) 

5,625 
(a) 
(a) 

(a) 
(a) 

ia) 
ia) 
ia) 
ia) 
ia) 
ia) 
3,450 

*(a) 
40,000 

5,000 

40, 000 

34,000 

35,000 

100,000 

15,000 



TotaL 



$15, 633 

20,02S 

« 17, 653 

14,821 

7,680 

23, 171 

13,72S 

82,062 

39,308 

24,048 

410,800 

c778 

1,280 

4,358 

24,603 

4,406 

13,820 

19,9SS 

92,650 

20,910 

84,971 

81,655 

a 121, 770 

280,083 

^89,660 



streams Is now in litt> 
ies should the suit 



a The ri^ht of the state to demand royalty from persons mining unnavigable strc 
eation. Bonds have been given to the state to secure the payment of such royalti 
be decided in its favor, but no payments have been made. 

b Not reported, e Not including taxes, d Managed by owner, e Not including officials aad olerkA. 

/The expenditures for officials and clerks are inseparaoly combined with those for labor. 

g Not including supplies and repairs, and taxes. 
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£•— ELEMSHTS OF 0081 QT OHX TOV OF 2^240 FOUNDS. 

[Insaranoe, interest, deprecUtion of ralue of plant, and charges for freight of product to place of free 

delivery are not included.] 



Establishment number. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 



Labor. 



$1,499 

.925 

.788 

1.137 

.545 

1.255 

.555 

.529 

.975 

.805 

1.350 

.564 

1.000 

2.584 

1.338 

1.880 

1.124 

1.056 

.815 

8.000 

.779 

1.031 

1.885 

1.468 

/1. 644 



Officials 
and clerks. 



$0,690 
.250 
.250 
.431 
.520 
.493 
.778 
.100 
.120 
.096 
.475 
.400 
.800 
.833 
.643 
L250 
.522 
.587 
.045 

(d) 
.100 
.136 

(6) 

(ft) 

(f) 



Supplies 
and repairs. 



$0,803 

. OCm 

.433 
L120 
.142 
.567 
.167 
.277 
.452 
.597 
.875 
.333 
.760 
.158 
.716 
.459 
.467 
.100 
.425 
.180 
.207 
.218 
.564 
.316 
(ft) 



Taxes. 



$0,004 
.016 

(ft) 
.005 



.024 
.025 
.010 
.025 
.035 



(ft) 
(ft) 



.053 
.005 
.083 
.033 
.031 
.031 
.002 
.038 
.018 
.031 
.017 



(ft) 



Bojalty to 
the state.' 



Total. 



(a) 


$2,990 


$0,750 


2.503 


(a) 


« 1. 471 


.500 


3.193 


(a) 


L213 


.750 


3.089 


(a) 


1.525 


(a) 


.916 


(•) 


1.572 


(a) 


1.533 


(a) 


•2.700 


(a) 


« 1.297 


(a) 


2.560 


(a) 


8.628 


(a) 


2.702 


(«) 


8.672 


.750 


2.896 


(a) 


1.774 


1.000 


2.316 


1.000 


4.182 


1.000 


2.124 


1.000 


2.402 


1.000 


•3.480 


1.000 


•2.801 


1.000 


^2.644 



a The right of the state to demand royalty from persons mining unnavigable streams is now in liti- 

fation. Bonds have been given to the state to secure the payment of snon royalties should the suit 
e decided in its favor, but no paymeats have been made. 

ft Not reported, e Not incluaing taxes, d Managed by owner, e Not including officials and clerks. 
/ The expenditures for officials and clerks are inseparably combined with those for labor. 
g Not including supplies and repairs, and taxes. 



F.— FEB GEHT. OF EACH ELEMENT OF COST IH ONE TON OF 2,240 FOUNDS. 

le of plant, and charges for : 
delivery are not included.] 



[InsnraDce, interest, depreciation of value of plant, and charges for freight of product to place of fr«e 

" slu" " " 



Establishment number. 



1. 

2. 

3. 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



Labor. 


Officials 
and clerks. 


Supplies 
«nd repairs. 


Taxes. 


Royalty to 
the state. 


Total. 


50.03 


23.03 


26.81 


.13 


(a) 


100 


86.95 


9.99 


22.47 


.63 


29.96 


100 


53.55 


16.99 


29.46 


(ft) 


(a) 


•100 


35.59 


13.49 


35.09 


.17 


15.66 


100 


44.92 


43.36 


' 11. 72 




(a) 
24.28 


100 


40.63 


15.97 


18.34 


.78 


100 


36.43 


51.00 


10.93 


1.64 


(a) 


100 


57.74 


10.92 


80.25 


1.09 


(a) 


100 


62.01 


7.63 


28.73 


1.63 


(a) 


100 


52.52 


6.24 


88.97 


2.27 


^ (o) 


100 


50.00 


17.59 


82.41 


(ft) 


(a) 


• 100 


43.44 


30.85 


25.71 


(ft) 


(a) 


• 100 


89.06 


81.25 


29.69 




ia) 


100 


71.22 


22.97 


4.36 


1.45 


(a) 


100 


49.51 


23.81 


26.50 


.18 


(o) 


100 


51.20 


84.05 


12.48 


2.27 


(a) 


100 


38.81 


18.02 


16.14 


1.13 


25.90 


lOO 


59.53 


33.08 


5.64 


1.75 


(a) 


100 


35.19 


1.94 


18.35 


1.35 


43.17 


100 


71.74 


id) 


4.30 


.05 


23.91 


100 


86.65 


4.71 


9.77 


1.79 


47.08 


100 


42.92 


5.63 


9.08 


.73 


41.64 


100 


54.17 


(ft) 


16.21 


.88 


28.74 


• 100 


62.41 


ft) 


U.80 


.59 


85.70 


• 100 


/e2.18 


(/) 


(ft) 


(ft) 


87.82 


^100 



a The right of the state to demand royalty from persons mining unnavigable streams is now in liti- 

etion. Bonds have been given to the state to secure the payment of such royalties shonld the suit 
decided in its favor, but no payments have been made. 

ft Kot rei>orted. • Not incluaing taxes, d Managed by owner. • Not including officials and olflcka. 
/ The expenditures for officials and clerks are inseparably combined with those for labor. 
g Not Iscluiling supplies and repairs, and taxes. 
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O.- ABDinOirAL COST OF CERTAIN THEOBETICAL ELEMENTS FOB THE PERIOD. 



Establishment nnmber. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



Insurance. 



(«) 
(a) 



$210 



{a) 



150 

325 

1,250 

350 

750 

2,250 

1,000 

380 



Interest. 



(a) 



$600 



600 



(a) 
(o)" 



(a) 
(4) 



Depreciation 

01 value of 

plant. 



(a) 
(a) 
$5,000 
500 
5,000 



5,000 



{a) 



Transporta> 
tion to place 
of free de- 
livery. 



$10,500 
4,000 



2,321 

9,776 

22,850 

10,000 

26,250 

123,750 

81, 912 

8,200 



Total. 



$U, 310 
6 4,000 

7,971 

10, 601 

c 29, 100 

10,350 

c 32, 000 

126,000 

82,912 

8,580 

(a) 



49 
176 
200 



900 



1,800 



2,749 
176 
200 



250 



750 
375 



(a) 



(a) 



6,000 

250 

5,000 

6,000 

20,000 

30, 000 

(a) 



(a) 



250 

5,000 

250 

6,750 

6,376 

20,000 

30,000 



a Not reported. 

h Not including insurance, interest, and depreciation of value of plant. 

c Kot including interest. 

H.— ADDITIONAL COST OF CERTAIN THEORETICAL ELEMENTS IN ONE TON OF 

2;240 POUNDS. 



Establishment number. 


Insurance. 


Interest. 


Depreciation 

01 value of 

plant. 


Transporta- 
tion to ])lace 
of free de- 
livery. 


TotaH 


1 


$0,040 

(a) 

(a) 

.032 
.051 
.167 
.039 

" .021 
.090 
.064 
.095 

(a) 


$0,115 
(a) 
(a) 
.108 




$2. 012 
.500 


t|2.167 


2 


{a) 

(a) 
$1. 078 
.070 
.660 


&.500 


3 


(a) 

1.718 


4 


.500 
2,000 
4.155 
1.111 

.750 
4.950 
5. 220 

.800 


5 - 


2.130 


6 


(a) 


«4.988 


7 


1.150 


8 


(a) 


.143 


C.914 


9 


6.040 


10 






5.284 


11 


(a) 
(a) 




0.895 


12 


(a) 


(a) 


13 






14 


.041 
.019 
.167 




.750 


1.500 


2.291 


15 




.091 


16 








.167 


17 










18 


.022 








.022 


19 




.125 
.050 
.125 
.177 
.571 
.300 
(a) 




.125 


20 








.050 


21 


.019 
.011 






.144 


22 






.188 


23 






.671 


24 








.300 


25 


(a) 


(a) 




(») 







a Not reported. 

^Not including insurance, interest, and depreciation of valae of plant. 

• Not including interest. 
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Table U.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES. 

1890-1892— BIVEB MIIVES— ContiuaetL 

X.-SAIE8 OF WAGES. 



E8- 

Ub- 
lish 
ment 
n am- 
ber. 



2 



OccapaUon. 



Engineers. 
Firemen ... 
Laborers . . 
l?ozzlemen 
Watchmen 



Total. 



Captain, dredge 

Dredgemen 

Engineers 

Firemen 

Foreman , 

Laborers 

Lightermen 

Watchman 



Total. 

Captain, tag. 
Engineers... 
Firemen .... 

Foremen 

Laborers 

Lightermen . 

Pampers 

Watchman.. 



Total. 



Captain, tag. 
Carpenter... 

Cook 

Engineers... 
Fireman . . . . 

Foreman 

LaDorers 



Total. 



Captains, barge . . 
Captain, dredge . . 

Engineers 

Fireman 

Laborers , 

Watchman 



Total. 



Captains, dredge 

Carpenters 

Engineers 

Foreman 

Laborers 

Watchman , 



Total. 

Engineers.. 
Firemen .... 
Laborers — 
Lightermen 
Teamsters.. 
Watchman.. 



Total. 



Carpenter 

Engineers 

Engineer, locomo- 
tive. 

Foreman 

Laborers 



Total. 



Hoars 
per 
aay 



,v. I 



Arer- 

age 
em- 
ployes 
for 



DaDy 

rate of 

payor 

average 

daily 



period, earnings. 



10 
10 
10 
10 
10 



10 



10 
10 
10 
10 
10 
10 
10 
10 



10 



]0 
10 
10 
10 
10 
10 
10 
10 



10 



10 
10 
10 
10 
10 
10 
10 



10 



10 
10 
10 
10 
10 
10 



2 
3 
13 
2 
2 



22 



1 

4 
4 
2 
8 

■ir 

1 



24 



1 
1 
1 
3 
1 
1 
20 



28 



3 
1 
8 
1 
6 
1 



10 


15 1 


10 


2 


10 


2 


10 


3 


10 


1 


10 


18 


10 


1 


10 


27 


10 


4 


10 


3 


10 


10 


10 


6 


10 


2 


10 


1 


10 


26 


10 


1 


12 


6 


12 


1 


12 


1 


12 


30 



39 



$2.88 
1.50 
1.25 
L35 
1.60 



1.46^ 



1 


2.30 


2 


1.25 


2 


2.30 


3 


L25 


1 


2.87^ 


15 


1.25 


4 


1.25 


1 


L15 

1 


20 


1.41 



1.72*1 

1.55^1 
1.29i 
2.87i 
LOO 
1.00 
LOO 
.98^ 



L32i 



2.52i 
2.5U 
.83i 
2.22 
1.16^ 
3.00 
L25 



L49 



L33i 

2.50 

1.96^ 

L50 

L25 

L48 



1.52^ 



2.30 
2.50 
2.30 
2.87i 
L25 
.1.48 



i.m 



3. 35^ 

L5.ii 

LIO 

L04 

LOO 

L31i 



1.48i 



2.50 
L60 
2.50 

8.85 
L36^ 

L51 



Es- 
tab- 
lish- 
ment 
nam 
ber. 







10 



11 



12 



13 



14 



15 



16 



17 



Occupation. 



Captains... 

Cooks 

Dumpers... 
Engineers.. 
Fireman ... 
Foremen . . . 
Laborers . . . 
Machinists. 

Mate 

Oiler 

Watchman. 

Total. 



Captains . . 
Carpenter. 
Engineers. 
Fireman... 
Foreman .. 
Laborers . . 
Machinist . 

Mates 

Watchmui 

Total. 



Firemen 

Foreman . . , 
Laborers . . . 
Nozzleman . 
Watchman. 



Total. 



Engineer.. 
Fireman... 
Mill hands 
Teamsters. 

Total. 
Laborers . . 



Total. 

Engineer . . , 
Foreman . . , 
Laborers . . . 
Watchman 



Total. 

Captain — 

Cai-penters 

Engineers.. 

Feeder 

Firemen... 
Laborers . . . 
Watchman . 



Total. 

Foreman . . 
Laborers . . 



Total.. 

Captain 

Dredgemen. 
Engineers.. 

Fe^er 

Fireman ... 
Foreman... 
Laborers... 



Total. 



Aver 
Hoars' *5? 

^^^ ploy^s 
for 
period 



day. 



10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 



10 



10 



10 
10 
10 
10 



10 



10 



30 



10 
10 
10 
10 



10 



10 
10 
10 
10 
10 
10 
10 



10 



ID 
10 



6 

4 
3 
6 
1 
3 
23 
3 
1 
1 
1 



Daily 
rate of 
pay or 

average 
daily 

earnings. 



51 



12 


2 


12 


1 


12 


4 


12 


1 


12 


1 


12 


9 


10 


1 


12 


2 


12 


1 



22 



10 


2 


10 


1 


10 


15 


10 


1 


10 


1 



1 

3 
2 
1 
3 
8 
1 



19 



1 
20 




$2.29 
.99 
L16| 
2.37 
L40 
1.90^ 
LIO 
3.44^ 
L53i 
L20 
L50 



L57 



2.00 

2.40 

2.474 

L50 

2.00 

L50 

3.60 

L50 

L48 



L88 



L50 
2.50 
L25 
L50 
1.60 



20 


L36i 


1 

1 
2 
3 


2.874 
L53{ 
L53| 
1.00 


7 


L49| 


8 


L25 


8 


L25 


1 

1 

15 

1 


2.00 
2.50 
LOO 
L25 


18 


L15| 



2.49 

2.10 

2.584 

L38 

L80i 

L25 

1.00 



L67 



8.19^ 
L25 
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Table II.— COST OF PRODUCTION OF PHOSPHATE IN THE UNITED STATES, 

1890-1892— RITJBR MINES— Concladed. 

X.— RATES OF WAGES— Concluded. 



Es- 
tab- 
lish- 
ment 
num- 
ber. 


Ooonpation. 


Hours 

per 

day. 


Aver- 
age 
em- 
ploy 6t) 

for 
period. 


Daily 

rate of 

payor 

average 

daily 
earnings. 


Es- 

tab- 

lish- 

ment 

num- 

{ ber. 

22 

23 
24 

25 


Occupation. 


Hours 
per 
day. 


Aver- Daily 
age rate of 
em- pay or 

ploy 6s average 
tor daily 

period, earnings. 

1 


18 


Captain r T-r»T-- 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


1 

4 
i 
2 
3 

1 
7 
4 
1 

1 


$2.30 
1.26 
1.25 
2.30 
1.25 
2.80 
1.25 
L25 
1.25 
1.25 


Dumners ........... 


10 
10 
10 

10 


2 

3 

3 

90 


$L00 

a 58 




Drediremen. ........ 


Enfirineers .. 




Elevator men 

Encrineera .......... 


Firemen..... 


1 15 




Laborers ........... 


1 25 




I^iremen............ 


Total 






Foreman ........... 


10 


98 


L31ik 




IjAborera ........ 


Engineers. ......... 




Lightermen 

Nozzleman 


10 
10 
10 


4 

1 

171 


8.33 






FoTftTtiiaii ,^ - 


6 88 




Total 


T.fl.lmpAt*s 


LjlS 




10 


28 


1.40 




10 


Captain, tug 


10 
10 
10 
10 
10 
10 


1 
4 
8 
2 
120 
3 


3.83A 
LOO 
L08i 
LOO 
.70 
2.81i 


Total 

Engineers 


10 


176 


L23 




Dmnpers 

En trineers .......... 


10 
10 


25 

7 
815 












liaborers ........... 


Machine hands 

Hachiuists 


8.28 


1 


'M'oAViiniafa 






JUJIGnUIlBMi ......... 

Total 


Foremen 


8.50 




10 


133 


.814 


Laborers 


L15 


20 


Laborers 1 (a) 


50 , 1.00 


Total 


10 


347 


1.35 




Total 




Laborers (b) 

Total 








50 


1.00 


10 


54 






Enfirineers .......... 






21 


10 
IC 
10 

 


4 

4 

02 


3. s^ 

L15 
L31 


1.11 




Firemen 






10 


54 








LU 




^■^ckuuiors ........... 

Total 






/ 


10 


70 


L44i| 












1 





a Variable. 

h Skilled labor ia not reported* 
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Costof interest— river mines 135 
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Cost of supplies and repairs in one ton of 2,240 pounds — land mines 120, 121 
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Costof taxes in one ton of 2,240 pounds— land mines 120,121 

Costof taxes in one ton of 2,240 pounds — river mines 134 
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D. 

Deposit, average depth of, from surface In land mines 112,113 

Deposit, average thickness of, in land mines 112,113 

Deposit, average thickness of, in river mines 132 

Depreciation of value of plant, cost of, in one ton of 2,240 pounds — land mines 124, 125 

Depreciation of value of plant, cost of, in one ton of 2,240 pounds — river mines 135 

Depreciation of value of plant, cost of— land mines 122, 123 

Depreciation of value of plant, cost of— river mines 135 
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summary 91 
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Farm products, per cent, of ash or mineral matter in certain .' 15 
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Florida and South Carolina phosphate deposits, favorable location of 10 

Florida and South Carolina phosphate industry, consideration of 11 

Florida, cost of production of phosphate in — summary 92,94 

Florida, discovery of phosphate in 36-39 

Florida, estimated phosphate in sight in 40-42 

Florida, extract from law authorizing phosphate mining in the navigable waters of 67 

Florida, general observations on the phosphate industry in 66-69 

Florida hard rock and pebble belts, comparative merits of 40 

Florida hard rock phosphate, analyses of 46-48 

Florida, kinds of piLOspnate, machinery used, etc., in 42-66 

Florida phosphate belt, geographical position of 31-34 

Florida phosphate belt, topography of 34,35 

Florida phosphate fields, geology of 23-31 

Florida, phosphate industry of 21-69 

Florida phosphate, shipments of, from 1888 to 1892 99 

FloriAa phosphate, shipments of, through United States custom-houses, for the years 1891 

and 1892 98 

Florida phosphates, comparison of the several kinds of 67 

Florida phosphates, relative selling price in London of various 68 

Florida railroads, ete., capital invested in, for the accommodation of the phosphate trade 68, 69 

Foreifi;n countries, analyses of phosphates from 86 

Fossils and petrii'actiona 76,77 

G. 

General observations on the phosphate industry in Florida 66-60 

General statistics of the phosphate industrv 87-137 

Geographical position of the Florida phosphate belt 31-34 

Geoh>gical wonder, Tate's shaft considered a 65,66 

Geology of the phosphate fields of Florida 23-31 

Geology of the phosphate fields of South Carolina 73-77 

Gi-ains, acreage of various, in the United States 16 

Grains, quantity of ash or mineral matter in a crop of, in the United States 15 

Grains, quantity of phosphoric acid in a crop of, in the United States 16 

Gravel screeniDgs phosphate, description of 50, 51 

Great Britain, metnod of selling phosphate in 68 

Guano, introduction of, from Peru , 13 

H. 

Hard rook and pebble phosphate belts in Florida, comparative meri to of 40 

Hard rock phosphate, description of the mineral and ito mining 42-50 

Hard rock phosphate of Florida, analysesof 46-48 

Hay, quantity of ash and phoaphoricacid in 16 

Historic or recent geological aee 74.75 
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I. 

Importo of fertilizing materials during the vear ending June 30, 1892 105 
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Insurance, cost of— land mines 122,123 

Insurance, cost of— river mines • 135 

Interest, cost of, in one ton of 2,240 pounds — ^landmines 124,125 

Interest, cost of, in one tonof 2,240 pounds— river mines 135 

Interest, cost of— land mines 122,123 

Interest, cost of— river mines 135 



Labor, cost of, in one ton of 2,240 pounds— land mines 118,119 

Labor, cost of, in one ton of 2,240 pounds — river mines 134 

Labor, cost of— land mines 116,117 

Labor, cost of— river mines 133 

Labor expense in phosphate mining in the United States — summary 91 

Labor, hours of, of employes in land mines, by occapatinns 126-131 

Labor, hours of, of employes in river mines, by occupations 136,137 

Labor opportunities in the phosphate industry 106-108 

Labor, per cent, cost of, in one ton of 2,240 pounds — landmines 120,121 

Labor, per cent, cost of, in one ton of 2,240 pounds — river mines 134 
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Land and river rock pnosphate, description of 83 

Landmines, area controlled for mining purposes in...... 112,113 
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Landmines, average depth of de^osite from surface in 112, 113 

Landmines, average number of employed in, by occupations 126-131 
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Land mines, distance, means, and cost of transportation in 114, 115 
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